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WHEN COMPRESSION RATIOS WERE 
3 tof] any good oil ring would do! 


= a, 

. You had a seat on the 

: “center aisle” when you 

rode in this 1917 
Westcott Six. Listed 
among Westcott 
superiorities were a 
center aisle between 
front seats, 35 x 414" 
oversize tires, a 
6-cylinder engine with 
cast aluminum crank- 
case, thermostatic 
control of engine 
temperature, chassis 
lubrication, and an 
adjustable steering 
column. 


but today it takes the 
PERFECT CIRCLE 


TYPE “98” 
CHROME OIL RING 


to meet the exacting demands of modern 
high-compression engines 


Specifically designed for today’s high- 
compression engines 


Universal application ...bottomless and 
Be conventional grooves...all depths 


Multiple tiny springs exert both side and 
a radial pressure 


e Provides maximum oil drainage 


Best for new engines... essential for worn engines 


PERFECT CIRCLE 


PISTON RINGS 
Preferred by more people than any other brand! 


Perfect Circle Corporation, Hagerstown, Indiana 
The Perfect Circle Co., Ltd., 888 Don Mills Road, Don Mills, Ontario 


U.S. patents 2,635,022 and 2,695,825 





ALL BEARINGS 
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Heavy wagon or implement wheels on these New Departure ball 
bearings not only give the farmer the easiest, freest-rolling mount- 
ing—they require no adjustments, no periodic greasing. The farmer 
need never give them a thought! 

And the mount is a honey for simplicity—no adjusting nut, no 
spindle threads, no separate seal to fit! 

These New Departure ball bearings, thoroughly proved in high- 
production automotive wheels and other applications, are pressed 
in the hub. The hub is slipped over the spindle and retained by a 
snap ring—/fast, economical, simple! 

You'll find your New Departure Sales Engineer will gladly give 
you complete details. 


In this wheel bearing the seal is 
contained inside the bearing and 
makes perfect contact with the 


smooth-finished inner ring. SEE “WIDE WIDE WORLD” SUNDAYS—NBC-TV 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS e@ BRISTOL, CONN, 
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to . 
from one hour one minute... 


HELIARC Cutting Whizzes Through Aluminum Incredible, but true: HELIARC cutting can attain speeds 
as high as 600 inches per minute, and cut aluminum in 


thicknesses up to 1! inches. No special skill is required. 
A certified welder can do excellent cutting jobs after less 


than one hour of instruction. 


One of the first aluminum fabricators to use LINDE’s new 
HeLIARC cutting process reveals savings of more than 95 
per cent over conventional chipping methods—jobs normally 
requiring ] and 5 hours to complete are whisked through in 
only 1 and 4% minutes respectively. Graver Tank and Get the full story on revolutionary new HELIARC cutting. 
Manufacturing Company reports beveling, grooving, shaping, Call your LinDE representative, or write for free illustrated 
and cutting are all performed on °s-in. thick, 52S aluminum literature, Form 50,095. 


plate at substantial time, space, and cost savings. 


Linde Air Products Company 


A Division of Union Carbide and Carbon Corporaticn 


30 East 42nd Street (aa New York 17, N. Y. 


Offices in Other Principal Cities 
In Canada: LINDE AIR PRODUCTS COMPANY 
Trade-Mark 


Division of Union Carbide Canada Limited, Toronto 


“Heliarc’’ and “Linde” are registered trade-marks of Union Carbide and Carbon Corporation. 


SAE JOURNAL, May, 1957, Vol. 65, No. 6. Published monthly except two issues in January by the Society of Automotive Engineers, Inc. 
Publication office, at 10 MeGovern Ave., Lancaster, Pa. Editorial and advertising department at the headquarters of the Society, 485 Lexing- 
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second class matter, September 15, 1948, at the Post Office at Lancaster ‘a., under the act of August 24, 1912. Acceptance for mailing at spe- 
cial rate of postage eye for in the Act of February 28, 1925, embodied in paragraph (d-2), Sec. 34.40, P. L. and R., of 1918. Additional 


entry at New Yor 





ZERO Precision “O” Rings answer 


LEAKAGE another sealing problem 


Job fitted Precision ‘‘O”’ Rings 
have solved hundreds of other 
industrial aircraft and au 


motive seal g proble 


Rigid quality controls maintained at Precision are paying off 
both for Precision and their customers. A case in point is the 
development of a quick disconnect coupling by Eastern Air- 
craft Products Corporation of Orange, New Jersey. Precision 
engineers developed “O” Ring compounds for these straight 
through couplings which eliminate pressure drop, and provide 
zero leakage. The result—a super quick, self-sealing, trouble- 
free coupling sealed at both ends for the aircraft, petroleum 
and chemical industries. 


“O" Rings are compression molded at Precision to meet 
specific requirements. They are rigidly inspected—meet all 
military and commercial specifications—the finest made! 


What is your sealing problem? There is an expert—the 
Precision engineer—ready to help you in product design and 
“O”" Ring specifications. You can rely on him, and on Precision, 
the world’s largest exclusive manufacturer of “O” Rings. 


Write for your free copies of Precision catalogs on “O” Rings and Dyna-seals 


recision Rubber Products 


Corporation - “O” Ring and Dyna-seal Specialists 


3110 Oakridge Drive, Dayton 7, Ohio Eee’ vaivésn do Staiavitie, Gvébes 
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BIG OR SMALL... BENDIX DRIVES START THEM ALL 


Throughout the world of transportation it’s an accepted fact 
that you start with Bendix! And it’s not surprising. Bendix* 
Starter Drives have been synonymous with dependability for 
fifty years in the automotive field. They’ve proved themselves 
just as reliable on submarines, aircraft, earth movers, outboard 
motors, helicopters. In fact, every type of internal-combustion 


Bendix-Elmira, 


ECLIPSE MACHINE DIVISION 


engine ever built has used a Bendix Starter Drive. Hospitals 
use Bendix Drives to activate their stand-by equipment. Air 
raid sirens across the country are started with Bendix Drives 
It’s logical to believe that such universal acceptance indicate: 
a standard of quality which no other manufacturer has been 


able to match. Need we say more? 
*REG. U. S. PAT. OFF. 


N.Y. by 


AVIATION CORPORATION 
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Here you see just a sample of the tough jobs 
tubeless tires are doing — in today’s mammoth 
construction projects. How did tubeless tires get 
into this picture—and so successfully, too? 


One of the biggest reasons is Goodyear’s devel- 
opment of rims to fit every type of vehicle, from 
the smallest truck to the largest earth-mover. 


Goodyear’s vast tire-building experience brings 
many benefits to rim construction. With 
Goodyear Rims, you profit by such advantages as: 


Unusual Strength: Thanks to an exclusive 
double-welding process, and added support at 
points of greatest stress, present-day Goodyear 
Rims are far stronger. 


Buy and 
Specify 


GOooD, 


Another Scoop for Goodyear Tubeless! Tractor 
shovel hard at work in Michigan sand pit. The 
tubeless tires are mounted on Goodyear Rims. 


a" aes 


Ease of Tire Mounting: No tube and flap troubles. 


Special Tools: Goodyear alone provides both 
hydraulic and hand tools especially made for 
off-the-road equipment. 


Bond-a-Coat Finish: This protective coating 
affords long-lasting resistance to rust and 
corrosion. 


Got a Truck Rim Problem? GOODYEAR will solve it. 


If you have a rim problem, why not talk it over with 
the G. R. E. (Goodyear Rim Engineer). He’ll save you 
time and money by helping you select the type and size 
of rim best suited to your needs. Write him at Goodyear, 
Metal Products Division, Akron 16, Ohio, or contact 
your local Goodyear Rim Distributor. 


EAR 


MORE TONS ARE CARRIED ON GOODYEAR RIMS THAN ON ANY OTHER KIND 
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FROM ROCHESTER FOR THE ROCKET... 


Rochester's new “two-stage” carburetion 
gives Oldsmobile both economy and power 


Past performance has established Rochester and the 
Rocket as a pace-setting team in the field of high-com- 
pression power. Their latest combined achievement... 
Oldsmobile’s J-2 Rocket... is the most exciting engine 
advance since the first Rocket was launched. 


The Rochester carburetion system, basis for J-2’s out- 
standing performance characteristics, utilizes 3 linked 
dual-downdraft carburetors. They operate on a “two- 
stage” principle which lets the motorist choose either 
economy when he wants it or extra power when he needs 


it. Again, Rochester engineers provide improved fueling 
for a new era of engine development. 


In all normal driving ranges, just the center carburetor is in operation. But at 
% throttle, the two end units go into action to produce up to 300 horsepower. 


ROCHESTER PRODUCTS DIVISION OF 


CH ESTE Fe GENERAL MOTORS, ROCHESTER, N.Y. 
AUTOMOTIVE 
FUEL CONTROLS 
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Have you seen what’s going on inside? 


The brilliant new automotive styling doesn’t 
stop at the surface. Under seat backs, seat 
inserts and door panels in many leading 
makes is a superior FIBERBOND® batting of 
RESILUCEL, a high bulk acetate staple, that 
keeps you sitting pretty. 


Made of specially engineered Celanese ace- 
tate, RESILUCEL is more economical to work 
with, more comfortable in use. 


Name your desired batting density, resili- 
ence, permeability and bonding requirements. 
You control it with Resilucel available in varied 
geometrical forms—engineering seat inserts to 
just the right “feel” and thickness. Resilucel’s 
high bulk in door panels means loft without 
matting. Increased insulation and sound dead- 
ening. A better product. 


Resistant to mold, mildew, fungi, and insects 
—thermoplastic—consistent in quality —stable 
in price—with low moisture absorption and 
good electrical resistivity -man-made RESIL- 
UCEL gives you the inside track. 


For full information, contact Celanese Corpo- 
ration of America, Industrial Sales Department, 
Textile Division, Charlotte, North Carolina. 


Celanese® 


District Offices: 
180 Madison Ave. 22 W. Madison St. 
New York 16, N. Y. Chicago 2, Ill. 


Export: 
Amcel Co., Inc. and 180 Madison Ave. 
Pan Amcel Co., Inc. New York 16, N. Y. 
In Canada: 


Chemcel Canadian 
Chemical & Cellulose Co., Ltd. 


2035 Guy St. 
Montreal 


Battings for seat backs, seat inserts and door 
panels by Fiber Bond Corporation, Chicago 16, lil. 


G& Fibers for Industry 
FORTISAN® RAYON ¢ FORTISAN®-36 RAYON « ARNEL® TRIACETATE «+ ACETATE + RESILUCEL"™ 
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How new cushioning medium makes 


Nowt this deep piping. an eyptnowe 


VO. Slo Airnfoam, 
wotdia all-one- 
piece — fewer 

operations han 


How lng canto Va 
oulaide bolster Keep 
shape @ 


FOR THE LIFE OF 
THE CAR. Gtx 


Permansitly molded Ainfoam. 


This pwwel Lase is fine — Lut where 
dors one put the mechaniom 7 


WHERE IT BELONGS. Tnolded Airfoam scat Cushions Take. 
fr less dept Kan, the. Conventional Apringa dna padding. 
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dream seats practical 


—and creates new R-O-O-M, 
new comfort, new appeal! 


LIMITED INTERIOR SPACE needn’t limit your creative think- 
ing about seating. 

That is—if you make the most of the wonderful new freedom 
of design offered by full-depth AIRFOAM. 


For full-depth AIRFOAM is so much more than an unusually 
comfortable cushioning alternate! 

Molded to your specifications, AIRFOAM is a completely different, 
astoundingly versatile cushioning medium that eliminates bulky 
components. It allows you to do things not possible with conven- 
tional methods. New things—inspiring things—sales-minded 
things—and because of the unique advantages of AIRFOAM, for- 
ever practical! 

Some of the best names in the industry have repeatedly broad- 
ened their scope by consulting AIRFOAM Development Engi- 
neers. Perhaps we can answer some key questions for you. 
Goodyear, Automotive Products Dept., Akron 16, Ohio. 


% y eo aye , 


Solid areas show space saved by 
full-volume AIRFoAM seat-units. 


MADE ONLY BY GOooD, EAR 


THE WORLD'S FINEST, MOST MODERN CUSHIONING 


Airfoam—T.M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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IN SPRAG-TYPE CLUTCHES 
FOR AUTOMATIC TRANSMISSIONS 


Automotive design demands component parts be 
stronger, lighter and smaller. Terms such as high 
capacity —less space—lightweight are familiar to auto- 
motive engineers and designers. These requisites are 
met by Formsprag for all automotive over- -running 
clutch applications. With the Formsprag patented 
D-shaped sprag, a full complement of sprags may be 
used resulting in “higher capacity”, “less weight” and 
“less space” than with any other type of over-running 
clutch. 

In addition, D-shaped sprags are self-spacing, act 
independently and share the load equally. Moreover 
they allow insertion of a fuil complement of sprags in 


far less space. So, more engine torque can be trans- 
mitted per cubic inch of clutch displacement with 
Formsprag than by any other type of over-running 
clutch. 

Formsprag’s basically simple design permits econom- 
ical prototype manufacture. 

Automotive and aircraft manufacturers who demand 
the ultimate in over-running clutches specify Formsprag. 
Why not see for yourself what a difference a D makes. 
Next time you have a clutch application—specify 
Formsprag—world’s largest exclusive manufacturer of 
over-running clutches. 


FORMS PRAG COMPANY 


VISIT BOOTH 208 
Design Engineering Show 
May 20-23 


23585 HOOVER ROAD, VAN DYKE (DETROIT) MICHIGAN 


The only clutch that can give you full-complement performance. 


A-13-3C 
SAE JOURNAL, MAY, 1957 





a (§ .t oe ae 
ae ee Se eM te a al 


Latin Square, Univac and 36 years experience 


all three help assure National Seals are best engineered 


Univac you know, experience you know; the Latin 
Square? An ancient, half-forgotten solver of problems 
having many variables. Today, National Seal engineers 
use it to reduce exploratory engineering time as much as 
753%. 

Old, new, time-tested and visionary—National Seal engi- 
neers embrace every approach that can help keep Na- 
tional Seals the best engineered in America. Results have 
been good. Syntech®, the milestone in synthetic rubber 


seals and Micro-Torc®, major, forward step in leather 
seals, are but two examples. 
National Seal’s advanced engineering, in plant or field, 
is ready now to help you solve sealing problems. This help 
is yours for a telephone call. 


VITAL: Whatever seals you buy, save trouble and expense 
later on by specifying them “on the board.” For safety, 
have specifications checked by a National Seal engineer. 


NATIONAL SEAL Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California; Plants: Van Wert, Ohio, Redwood City and Downey, California 


National Field Engineers At Your Service: Chicago, Ill., Room 462, McCormick Building, 

HArrison 7-5163 * Cleveland, Ohio, 210 Heights Rockefeller Bldg., YEllowstone 2-2720 36th Year 
Dallas, Texas, 2520 West Mockingbird Lane, FLeetwood 2-7541 + Detroit, Mich., 13836 Puritan Avenue, VErmont 6-1909 

Downey (Los Angeles Co.), Calif., 11634 Patton Rd., TOpaz 2-8163 * Indianapolis, Indiana, 2802 North Delaware St., WAlnut 3-1535 
Milwaukee, Wis., 647 West Virginia St., BRoadway 1-3234 « Newark, N. J., 1180 Raymond Blvd., Mitchell 2-7586 po 
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to keep the 
applied line of force 
absolutely vertical 


It is essential that applied line of force 
remain absolutely vertical in the popu- 
lar Dillon Force Control Switch, and 
the best possible solution has been 
found in the HEIM Unibal Rod End 
Connector. Two of these are employed 
so that regardless of load angle, the 
actualinstrument always remains 
straight up and down. Heim Unibal 
also allows the operator to adjust work- 
ing length to suit available space. Dil- 
Dillon Force Control Switch lon engineers rate them tops for cri- 
for Venclle Leads. tical fit, freedom from slop or wobble 


W. C. Dillon & Co., Inc., 
Von Nuys, Cal. and for all-around quality. 


Heim Unibal Male Rod End 


What does the Dillon , 


Force Control Switch do? dddddd , Pi 
| 
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As many as four control switches may 
be mounted on one side of the open a ‘ 
end. Directly opposite, and on the other > nai 


side of the beam, are finely threaded 


y 4 


adjustment screws, which make contact, 

under load, with each switch in suc- 

cession or with all at the same instant. HH & IM U, b f 

Thus, if it is necessary to trigger a The is the spherical 
series of devices at varying loads, each bearing developed, engineered and manufactured by 


ee er ae Seen pee ee ae The Heim Company for over fifteen years. They correct 


four devices are to be triggered at the 
misalignment in every direction, reduce friction, 


same time, then all four switches are 
identically adjusted. carry maximum radial and thrust loads, save time in 
The ‘Biten Soltth eflerds encollent assembling, and are usually more economical 


overload protection for hoists and than specially machined parts. 
cranes, operates remote signal lamps, 
warning devices, etc. Heim Unibal Bearings are distributed nationally by 


qualified bearing experts. Send for the 
Heim Complete Catalog. 


THE HEIM COMPANY /rairfield, Connecticut 
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Leads on “Lead Time’”’... 


By Norman G. Shidle 


The phrase “lead time’—now a fixture in industry’s 
vocabulary—describes something that everybody is trying 
to reduce on a continuing basis .. . throughout all of his 
activities. 


Reduction comes as often from change of mental pace 
as from change in procedures or processes. Quicker focus 
on and delineation of specific problems speeds fruitful 
research as much as new-type test apparatus. Prompt 
start of problem study permits sound decisions on time. 
Quick thinking to immediate decision can often speed up 
a project’s existing momentum where less agile handling 
would let it run down. 


In every engineering organization, some of the best 
product potentials have to be grabbed and harnessed as 
they fly by. Otherwise, they fizzle out and are lost en- 
tirely ... or a powerful lot of fanning of enfeebled sparks 
is required to revive a once-brilliant flame. 


“Imagination, awareness, and courage to take sensible 
risks,” John Warner says, “are among the ingredients we 
need to nurture. 


“Every company or society has organizational and tra- 
ditional amenities that need to be observed. But these 
should not be used to hide behind while we turn a crank 
to produce stale and stodgy results. 


“They can and should be used to make the ‘k’ or re- 
activity factor of our functioning positive and supercriti- 
cal. (See page 69, SAE Journal, February, 1957). Let’s 
not worry for the moment about ‘moderators’ (those 
materials of low atomic mass which are used to slow down 
neutrons without capturing them) in our generation of 
ideas and activity. 


“There exists scarcely an engineer or an engineering 
group which might not profit from reducing lead time all 
over the lot. But to do it, is likely to require a very careful 
inspection of ALL possibilities.” 


SAE JOURNAL, MAY, 1957 13 





EATON 
—_ AXLES 


Outstanding 
Performance Cuts 
Hauling Costs, Assures 
Longer Vehicle Life 


Strict adherence to exacting quality standards, 
the most modern of production procedures, 
and important design advancements devel- 
oped through Eaton’s years of axle experi- 
ence, combine to offer the truck operator axles 

} with many worthwhile benefits. Eaton Axles, 
engineered for rugged stamina, keep trucks 
on the job, hold down operating and main- 
tenance costs, and deliver more vehicle miles 
at lower cost per mile. 


DOUBLE-REDUCTION 
rv de 3 


This rugged housing, used in famous Eaton 2-Speeds, 
is also used for Eaton single-reduction and double- 
reduction axles. The three types of heads are 
interchangeable. 


AXLE DIVISION 
MANUFACTURING COMPANY 
CLEVELAND, CHIO 
PRODUCTS: Sodium Cooled, Poppet, and Free Valves * Tappets « Hydraulic Valve Lifters Valve Seat Inserts« Jet 


S. Parts * Rotor Pumps « Motor Truck Axles * Permanent Mold Gray Iron Castings - Heater-Defroster Units» Snap Rings 
Springtites* Spring Washers» Cold Drawn Steel» Stampingse Leaf and Coil Springs: Dynamatic Drives, Brakes, Dynamometers 
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BENDIX DUO-DUTY AUXILIARY BRAKE 


Power to hold on grades .. . Power to stop at road speeds 


The Bendix* Duo-Duty auxiliary brake serves the 
double purpose of a positive parking brake and an 
emergency road-speed brake. 

FOR PARKING, the Duo-Duty brake has ample 
torque capacity to keep the braked wheels from 
rolling on any hill or ramp, regardless of how 
steep. 

FOR EMERGENCIES, it has the torque and thermal 
capacity to serve as a dependable stand-by brake 


Bendix tivisics South Bend, wo. 


Export Sales and Service: Bendix International Division, 
205 East 42nd Street, New York 17, N. Y. 
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at road speeds should the main braking system, 
for any reason, fail to work. 

Minimum physical pull at the hand lever, less 
weight, fewer parts, mechanically simple. 


A heavy-duty drive shaft brake that is rugged 
and right .. . built and backed by Bendix. 


*REG. U.S. PAT. OFF. 


BRAKES « POWER STEERING « POWER BRAKING « CONSTANT VELOCITY 
UNIVERSAL JOINTS « HYDRAULIC REMOTE CONTROLS 








Lighter Powerplants, 


Transmissions Key to 


Big Car 


Rear-Engine Designs 


N the final analysis, the practicality of an Amer- 

ican-sized rear-engine design depends on what 
kind of fore-and-aft weight distribution can be 
achieved for a given number of dollars. To make 
feasible a rear-engined job with both American size 
and performance, several developments will be 
needed. 

Much lighter powerplants will be required to make 
even a 40/60 weight distribution possible ... and 
that is about the maximum-extreme needed to make 
a rear-engine mounting practical. The transmis- 
sion designer will have to do his part in weight re- 
duction, too. So will the designers of drastically 
overweight accessory items. 

At the front, larger wheel movements will be re- 
quired to keep front-end periodicity at present val- 
ues. ... And in the rear, some form of independent 
suspension will be mandatory. The chassis and 
frame problem offers no particular barriers. It is 
not appreciably different from that of a conven- 
tional car. 


New Developments Favor Rear-Engine Car 


Some relatively recent developments, however, 
are favorable to a rear-engined car with American 
size and performance. 

Already, for instance, smaller and lighter elec- 
trical units, hydraulic pumps, and fuel supply sys- 
tems are available, requiring only mass production 
to get competitive costs 

The modern trend toward new and more compli- 
able suspension systems, incorporating such devices 
as automatic compensation for load changes will 
be a big help toward more favorable weight distri- 
bution. Need for understeering front-end geometry 
on the rear-engine car will allow continuation of 
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Based on paper by John R. Bond, consulting engineer 


low roll centers in front. (This eases the geometry 
problems inherent with increased bump and’ re- 
bound travels.) 


Weight Distribution Basic 


Every engineer knows that a safe and stable auto- 
mobile can’t be built with a 650-lb cast-iron engine 
and a 175-lb automatic transmission in the trunk. 
And the stern realities of cost figures preclude the 
immediate possibility of reducing those weights ma- 
terially on a car of American size and performance. 

No one would be foolish enough to say exactly how 
much weight can be carried by the rear wheels, and 
no more. But it’s safe to say that a rear-weight bias 
of about 60% of the curb weight is very close to the 
maximum that can be allowed... . and a 45-front 
55-rear distribution is a more realistic goal. 

Certainly, the problem of high-speed stability 
must be shared by both the stylist and the suspen- 
sion engineer. Even cars which are predominantly 
nose-heavy (and therefore presumably inherentiy 
stable) can become quite unstable when subjected 
to gusty cross winds This condition becomes worse 
as aerodynamic efficiency increases. 

At any speed, a car with weight preponderance in 
the rear is a basic oversteerer. But with our mod- 
ern knowledge of suspension design it is possible to 
produce a 40/60 car with a neutral steer, at least up 
to the point of total loss of adhesion or breakaway 
during cornering. 

But to make a rear-engined car practical, the rear 
end weight MUST be less than 60% of the total 
under the worst conditions of loading. 


Some Oversteer OK? 


Some think a slight amount of oversteer,.coupled 
with a reasonable polar moment is perhaps desir- 
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Fig. 1—This is the unique 4-cyl, double-piston Paxton powerplant, 
viewed from the rear but tilted upward to show the 2-stroke-cycle 
type cylinder ports. 


able. Daimler-Benz (Mercedes), for instance, have 
advocated a neutral-steering vehicle at medium 
speeds which changes gradually to a slight oversteer 
at higher speeds. W.C. Done sums up by saying: 
“Admittedly, a strongly oversteered car which 
has a low polar moment of inertia in yaw demands 
the highest order of driver reflex and judgment. 
Strongly over- or under-steered cars, however, are 
equally poor for maximum cornering performance. 
The best car ... is one which neutrally steers up to 
the limit of adhesion, then lightly oversteers.” 


Light Engines and Transmissions 


Production cost is the chief obstacle to availability 
of a powerplant light enough to make a large rear- 


law of diminishing returns. 


How High Can Compression Ratio Go? 


= The benefits of increasing compression ratio are definitely subject to the 
Beyond a certain point the added cost of high- 





engine car feasible in the near future. It is quite 
possible to build an engine capable of developing 
300 bhp from 300 cu in. and weighing not much more 
than one lb per hp. But the cost of producing such 
an engine in either large or small quantities would 
be absolutely prohibitive. 

Light alloys are the first recourse when weight 
Savings are demanded. But such items as noncon- 
ventional cylinder arrangements and exhaust jet- 
assisted aircooling must be re-examined, too. 

As engines get smaller, the specific weight tends 
to go up, but both the Volkswagen and the Porsche 
employ aircooling As a result, the complete Volks- 
wagen engine-transmission-differential assembly 
weighs only 330 lb, the Porsche about the same. In 
the case of Volkswagen, this is 20% of the curb 
weight and results in an unloaded weight distribu- 
tion of 43/57. 

One example of what might be called “free think- 
ing,” was a flat-six rear-engined car proposed by 
Carl Doman several years ago, which showed how 
the air-pump for cooling could be eliminated. The 
Fletcher Aviation Co. put this idea to work with 
their modification of the German Porsche engine, 
eliminating the cooling fan. McCulloch Motors’ 
Paxton car had an all-die-cast light-alloy 2-stroke 
aircooled engine with four-cylinders, eight opposed 
pistons, and two crankshafts. An upended photo- 
graph of this powerplant is shown in Fig. 1. 

It is clear that a 6-passenger family car with a 
300-bhp rear-mounted engine will be practical only 
if we can develop much lighter engines and trans- 
missions .. . and it is almost certain that a 500-lb 
engine-transmission-differential unit will be more 
costly. 

But it is not clear that the public will be unwilling 
to pay a premium for a rear-engined car. The pop- 
ularity of deluxe as compared to standard models 
in every price class points to the fact that they will. 
There is every reason to believe that a full-sized 
rear-engined car could command a premium price. 
Waiting lists for the Volkswagen indicate that the 
American public is already “sold” on the rear-en- 
gined car. 

(Paper, ‘“Rear-Engine Mounting: Its Effect on the 
Automobile Chassis,” on which this abridgment is 
based is available in full in multilith form from SAE 
Special Publications Department, 485 Lexington 
Ave., New York 17, N. Y. Price: 35¢ to members; 
60¢ to nonmembers.) 





octane fuels cannot be economically justified by gains in power and efficiency. 
It would appear safe to predict that beyond 13/1 compression ratio nothing 
exists but a high fuel antiknock requirement and a host of new and complex 


problems. 





—James C. Hughes 
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Supersonic 


Meer ee ouatt 


... Force Centralization of 


Design and Procurement Authority 


com paper by Frank W. Davis, 


O achieve the degree of integrated design neces- 

sary for efficient supersonic flight requires cen- 
tralized design responsibilities. The execution of 
such responsibility, moreover, calls for a coincident 
centralization of contractual authority. 

Without this, design responsibility for integration 
can be pursued only through the medium of tech- 
nical persuasion of many subsystems vendors— 
each under independent contract with the several 
cognizant government labs or agencies. Optimum 
technical integration of all elements of the weapon 
system—airframe, engines, equipment, armament, 
and ground support—can be achieved only when 
centralized authority for the entire program exists, 
first, within the Air Force or procuring agency, and 
secondly, through delegation to a single prime con- 
tractor or weapon system manager. 


Responsibility with Authority 


This arrangement places authority and responsi- 
bility in the same hands. It also furnishes incen- 
tives for success and punishment for failure since it 
eliminates any possibility of buck-passing among 
several agencies, each having some but not full re- 
sponsibility. 

The B-58 supersonic bomber was designed and 
built under centralized weapon system manage- 
ment. We believe the plane’s achievements prove 
our contention. 

The B-58 program is probably the closest to a 
single prime contractor arrangement of any to be 
found in recent U'S. history of aircraft procurement. 
The only major exception to full prime contractor 
responsibility is the J-79 engines. They are pro- 
vided by the Air Force under separate contract with 
General Electric. Substantially all other elements 
of the B—-58 are procured or manufactured by the 
single prime contractor. 

The matching of all the elements which make up 
the air weapon is a complex and laborious process. 
Each element affects some or all of the others. 
Among those elements which must be consid- 
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ered are powerplant, structural arrangements, 
aerodynamic shape, control system, bombing and 
navigation system, fire control system, electronic 
counter-measure systems, navigation system, com- 
munications system, crew duties, crew environment, 
equipment environment, and special problems deal- 
ing with safety, maintainability, and reliability, to 
name but a few. 

To investigate all of the effects of all the combin- 
ations of all of the variables is obviously a monu- 
mental task. But it has been found feasible to in- 
vestigate and establish the effects of a large number 
of intelligently chosen variables in a reasonable 
time through application of computing machines 
such as IBM 701 and 704. It is necessary for the de- 
signer to apply imagination and critical judgment 
to the choice of elements to be combined and the 
variables to be investigated as well as in the inter- 
pretation of results which the machines may pro- 
duce. Special analog computers have been devel- 
oped for specific application to preliminary de- 
sign problems wherein the designer can vary param- 
eters at will and visually observe the results he is 
obtaining. 


Integrated Electronics 


The day when a voluminous airframe could easily 
accommodate an assortment of unmatched black 
boxes has gone. The contents of the black boxes 
are being called upon now to perform more and 
more functions, more and more accurately. 

Today, they may constitute as much as half the 
value of the total air weapon. Their volume, en- 
vironmental requirements, power requirements— 
and, more important, their capabilities—seriously 
influence the design of the airframe itself. The 
wasted volume and excess weight of the old-fash- 
ioned black boxes, their archaic cooling systems, 
their wide variety of power requirements, and their 
general disregard for the inputs and outputs of their 
neighbors—all these must go. 

In the case of the B—58, integration of elements 


19 














paid off both in performance of systems and in 
weight and space savings. 

For example, a navigation and bombing system 
was devised which improved the accuracy of the 
best preceding system by a factor of 10 but which 
used only 63% of the volume and 81% of the weight. 

Installed weight was only 64% of the best previ- 
ous system. The relatively greater improvement in 
installed weight arises from more efficient mar- 
riage of this system to other systems in such mat- 
ters as power supply, input and output signals, cool- 
ing requirements and wiring. The realization of 
this kind of improvement—some greater, some less 
—throughout all of the 16 subsystems contained in 
the B—58 constitutes a major advance in the state 
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of the art of weapon system design. Some further 
idea of the degree of integration which must be 
achieved may be obtained from the fact that over 
500 electrical inputs and outputs of the several sub- 
systems had to be properly matched to achieve an 
integrated system for the B—58. 


Airborne Computers 


Even greater gain from proper combination and 
integration may be expected in the future with the 
widespread application of airborne digital compu- 
tation quipment. This will make possible the cen- 
tralization of many computing functions in one cen- 
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ENGINEERING EFFORT 
OF SUBSYSTEM CON- 
TRACTORS not counting 
the second and third tier, 
was more than twice that 
of the prime contractor, 
in the case of the B-58 
supersonic bomber. 
Prime contractor estab- 
lished requirements for 
the subsystems to achieve 
an integrated, efficient 
total weapon — system. 
Subsystem contractors 
were often called upon 
for decisive guidance 


tral computing unit. The absolute necessity for 
integrated design of all the subsystems is obvious in 
this case. 

The change to the single prime contractor or 
weapon system management procurement concept 
as applied to the B—58 requires a realignment of 
thinking regarding the way in which competition 
operates and exerts its influence. In the case of the 
independent procurement of many different items 
of equipment by the government, competition exists 
directly among the subsystems vendors to satisfy 
the particular government procuring agency re- 
sponsible for their item of equipment. The govern- 
ment acts as the go-between from the subsystems 
designer and manufacturer to the airframe con- 
tractor. The influence of the airframe contractor, 
whose name the total weapon system bears, on the 
subsystem contractors is usually weak, particularly 
in the design stage. This tends to inhibit the degree 
of integration of the subsystems with the airframe 
and with each other. 


Competition Still Strong 


In the case of weapon system management, di- 
rect competition among the various subsystem ven- 
dors exists to become a member of a team led by 
the single prime contractor. The product of the 
team, which is an integrated weapon system, is, in 
turn, in competition with other weapon systems for 
inclusion in the nation’s defense inventory. It is 
possible that a single subsystem vendor may supply 
more than one single prime contractor; however, 
in each case, he is obligated by direct contract to 
meet the requirements for each specific weapon 
system. It is our belief that a weapon system de- 
veloped under this concept will achieve a greater 
advance in the state of the art, or will be built 
sooner than one built by the old way of doing things, 
or both. 
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There are other ways to speed the transition from 
idea to hardware, of course. And with the techno- 
logical race as tight as it is, we can’t afford to over- 
look any of them. 


Other Ways to Cut Lead Time 


One way is to simplify the weapon system by re- 
ducing its military requirements. There is pay dirt 
here, but it is dangerous dirt in which to dig. A 
weapon which has too little performance, or sub- 
systems which are too crude, may simply be out- 
classed by the enemy’s weapons. For example, an 
all-weather bombing threat must not be countered 
by a fair-weather-only weapon. It must be met by 
an all-weather defensive system. 

Another way to simplify the weapon system is 
simplification through logical combination of like or 
similar functions occurring in the various subsys- 
tems, and better matching and integration of the 
various subsystems with each other and with the 
airframe. There is pay dirt here, too, and it is most 
attractive. Properly done, it can save engineering 
man-hours, testing and manufacturing facilities, 
cost, and maintenance. 

We believe that the best weapon systems come 
from matching the mission to be accomplished with 
hardware considered feasible at the chosen point 
in the future. The best hardware results from cen- 
tralization of authority—for both design and pro- 
curement—within a single air Force Weapon Sys- 
tem Project Office and in a single prime contractor. 
We submit the B—58 supersonic bomber as evidence 
in support of this argument. 

(Paper, “Concept, Design, and Manufacture of 
Supersonic Aircraft,” on which this abridgment is 
based is available in full in multilith form from SAE 
Special Publications Department, 485 Lexington 
Ave., New York 17, N. Y. Price: 35¢ to members; 
60¢ to nonmembers.) 
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HERE’S THE LOWDOWN ON SOME COMMONLY HELD 


HE myths and fallacies surrounding automation 

are doing it a grave disservice and need to be ex- 
ploded. The unqualified assumption that the im- 
pact of automation makes certain things inevitable 
is both dangerous and misleading. It clouds the 
judgment of engineers and management; it mis- 
leads and disturbs labor and the public. 

The cliches which abound in the speeches and lit- 
erature on automation are true only in part and 
only under certain conditions. This becomes patent 
from studying 13 highly automatic production sys- 


Myth No. 1 
Automatic and Fully Automatic Factories 


A three-year search has failed to turn up a single 
“automatic” factory, much less a “fully automatic” 
one. In every case the factory turns out to be a 
remarkable advance in mechanization, but it has 
not resulted in manless production. It also turns 
out to be a tremendous hodgepodge of semantic 
confusion and exaggeration. 

These plants called “automatic” or “automated” 
are only more automatic than something that went 
before. There are hundreds, even thousands of 
people working in them. Automation is simply a 
matter of degree of mechanical sophistication and 
of the addition of more functions to the mechaniza- 
tion sequence. The “fully automatic” factory is 
still a myth and appears to be a very limited indus- 
trial concept. 


Myth No. 2 
Automatic Manufacturing 


Requires Feedback Control 


If we define feedback as the regulation of a ma- 
chine by its own analysis of its output (closed loop 
control), we find either none or remarkably little 
of it in most automatic production machines. Only 
the oil refineries show a significant amount of feed- 
back control. 

Much automatic machinery does use elaborate and 
intricate electrical, hydraulic, or electronic control 
systems, but these are largely programming devices. 
They guide or limit the machinery to perform a se- 
quence of prescribed operations and very rarely cor- 
rect machine adjustment in terms of output. 

Since the need for correction is not great, feed- 
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Myths of 


tems in a variety of industries, then checking the 
results against the experiences of another 30 firms. 
Careful examination of these industries, instead of 
hypothesizing, makes the lessons of automation 
stand out more clearly. 

From the process industries, particularly oil refin- 
ing, where automatic operation has been carried 
further than in metalworking, we can interpret 
and anticipate some of the ultimate effects of 
mechanization in the automotive field. 

Let us examine some of the more common myths. 


back has no economic value. This is not to deny 
the importance of feedback control in many of the 
continuous-flow operations. There is no doubt that 
it will spread and make possible superior manufac- 
turing systems and products. Yet control, alone, 
does not create automaticity. 


Myth No. 3 
The Only Motive for Automation Is Cost 
Reduction through the Elimination of Labor 


Many firms do justify automation through labor 
savings alone. This is very short-sighted. The ex- 
perience of the 13 firms studied revealed an aston- 
ishing range of motives as well as unanticipated 
benefits and secondary objectives that were not 
quantified. 

The advantages are far greater in number and 
often in value than the average firm realizes. Not 
one firm in a hundred thoroughly explores the fa- 
vorable (and negative) aspects of automation pro- 
posals. They rarely quantify anything but labor 
savings, hence overlook some splendid and valuable 
contributions. Here are some examples: 

A parts firm cut lead time from 19 days to 2-3 
days; an oil refinery from 4 days to 5 hr; a feed mill 
from 2 man-hr to 5 man-min. What would this 
mean to the average firm in customer service, in- 
ventory reduction, and production planning? 

One firm justifies its automation solely on reduc- 
tion of scrap; another on providing better working 
conditions which attracted and held women workers 
in a tight labor market. 

Several plants have increased equipment utiliza- 
tion from about 60 to 80% because of continuity 
growing out of mechanized work-feeding and re- 
moval. This is a clear gain of one-third in produc- 
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Automation 


tion capacity without corresponding investment or 
plant expansion. 

A fertilizer plant adopted automation because it 
enabled immediate pushbutton mixing of any of 500 
formulations. Such product flexibility is totally be- 
yond the conventional plant. 

Reduction in capital investment is completely 
contrary to traditional automotive industry think- 
ing about automation, yet this was the major rea- 
son for automation in the most automatic plant 
studied—an oil refinery. Here is a possibility rarely 
entering management’s or the engineers’ calcula- 
tions. 

Low maintenance cost is also a surprising advan- 
tage. 

It is a mistake to think of automation as yielding 
a limited, fixed set of advantages and disadvantages. 
These vary widely and depend widely upon a host 
of factors in the individual case. Management 
should explore the full range of implications and 
quantify them wherever possible. Labor savings 
alone is a very naive and inadequate approach. 


Myth No. 4 
Automation Must Cost More Than a 
Conventional System 


This definitely is not always true. An oil refinery 
adopted automation because a conventional plant 
would have cost $1000 per bbl of daily throughput; 
the automated plant only $700 per bbl. The auto- 
mation cost less not because the equipment was 
cheaper, but because there was less of it. This hap- 
pens in many industries. When the shrinkage of 
equipment volume is great enough, building and 
facilities requirements shrink, too, such that great 
additional reductions may occur. 

The automotive industry normally faces heavy 
development costs because each piece of automation 
is a unique piece of machine design. In the process 
industries, on the other hand, many advanced 
plants are unique assemblages of fairly standard 
components, which means that engineering costs 
are reduced enormously. To the extent this trend 
is occurring in the automotive industry, we can ex- 
pect the differential between “conventional” and 
“automated” to shrink. 

Many so-called higher costs of automation are 
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actually the costs of inadequately planned and or- 
ganized automation efforts. Carelessness, ignor- 
ance, and human frailty may be at fault, not auto- 
mation. 

The truth is, the cost of automation is not so 
much proportional to the amount of automaticity 
as it is to the degree of novelty and uniqueness in 
what is attempted. 


Myth No. 5 
Automation Inevitably Raises 


Maintenance Costs 


Many automotive and electrical equipment pro- 
ducers will insist this is so, and it often is. Yet the 
two most highly automatic plants studied—an oil 
refinery and a feed mill—actually reduced mainte- 
nance costs and difficulties by automation. 

Oil refineries expect the maintenance force to be 
50-60% of the total work force. In the automated 
refinery it was 20.5%, due to a significant reduction 
in machinery to maintain per unit of output. In 
the automated feed mill the one maintenance man 
formerly employed has been discharged. There has 
been no failure in 18 months of operation. 

Maintenance is not proportional to automaticity. 
Well-proved, standard equipment can be highly au- 
tomatic and quite trouble-free. It is the novelty 
that results in trial and error, hence in costly de- 
bugging and frequent failure until perfected. There 
are factors which tend to increase maintenance 
cost and others which tend to decrease it. Manage- 
ment should try to appraise the mix of these fac- 
tors in their own case before assuming dire mainte- 
nance troubles to be inevitable with automation. 

Maintenance figures and experiences as reported 
are totally misleading. The thing called mainte- 
nance is usually a blend of seven items, namely: 


@ Installation. 

@ Debugging. 

@ Routine servicing 
justment). 

@ Downtime for tool replacement and the like. 

@ Housekeeping. 

@ Maintenance for tooling fixtures (as distinct 
from the production machine). 

@ Breakdowns. 


No plant has been found where these factors are 


(lubrication, cleaning, ad- 
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Fig. 1—Suggesting how skill requirements of operators may vary with 
levels of mechanization 


isolated. They are lumped together and charged to 
maintenance. Furthermore, we usually hear of 
maintenance as of the worst moment and not after 
the plant has learned to live with the system. 


Myth No. 6 

Automation Inevitably Means 
Upgrading of Labor Skill Requirements 
and Severe Retraining Problems 


It is one of the phobias in some circles that the 
average worker is unemployable in the highly auto- 
mated plant. The evidence in the 13 plants studied 
is mostly to the contrary. To the extent that em- 
ployment opportunities are available (a) operators’ 
jobs often are easier and more quickly mastered in 
the automated plant and (b) the impact on the 
quantity and quality of maintenance skills required 
may be much less than expected. 

The impact of higher levels of mechanization 
leads to what is termed roughly the “hump in skill 
requirements,” as seen in Fig. 1. “Skill” is used 
broadly to mean the combination of the necessary 
experience, dexterity, and technical knowledge. 
The highest forms of skill frequently occur on level 
2, where the hand tool operator expresses the ulti- 
mate in craftsmanship. 

Automation was found, generally, to reduce the 
demand for skill and knowledge on the part of the 
operator after reaching mechanization level 5 be- 
cause the machine takes over more and more of 
these elements of the task. Thus, automation does 
not tend to make people unemployable because they 
lack skill and specialized education. On the con- 
trary, many (perhaps most) operator jobs can be 
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mastered more quickly with less job experience, 
special skill, and education as mechanization in- 
creases past level 4 and provides increasing degrees 
of automaticity. 

The study of the 13 firms brought out four ex- 
tremely valuable points: 


1. Automation did not force management into 
drastic measures because of increases in operator 
skill requirements. 

2. There was and is a scarcity of maintenance 
electricians trained in electronic work, but only 
something like a tenth, or perhaps a fourth, of all 
electricians currently need this training. 

3. Hydraulic and pneumatic repairmen of ade- 
quate ability are not common, but relatively few 
firms ran into difficulty here. 

4. Firms designing and building their own ma- 
chinery see a distinct shortage of machine design- 
ers, engineers, and mechanics with machine-build- 
ing skills. 


This study suggests that if management elects 
to go automatic it can run the new plant with its 
existing work force. It also shows that there will be 
no difficult retraining problem, with due allowance 
for minor exceptions and some, but not all, of the 
maintenance job. There is actually a good possi- 
bility of lowering skill requirements and shortening 
the training period on many operating jobs. 


Myth No. 7 
Automation Has Nothing to Offer Labor 


But Unemployment 


Many (probably most) automation programs aim 
at reducing direct labor content per unit of output. 
However, most such programs are also sparked by 
the need for increased capacity. The net effect can 
be anything from unemployment to far greater em- 
ployment opportunity. 

Ford started automating in 1947, yet today em- 
ploys 40% more people. This is not because of 
automation, but in spite of it. 

Although the net effect on employment oppor- 
tunities is uncertain, there is no doubt at all that 
automation offers the worker distinct job advan- 
tages. For operating labor, automation means: 


1. Easier work, physically and mentally. 

2. More interesting work through variety of job 
activity. 

3. A more satisfying job through a sense of re- 
sponsibility for a larger portion of the end result. 

4. Pleasanter job surroundings. 

5. Higher pay through increased productivity. 

6. The satisfaction and prestige of working in an 
outstanding plant. 

7. Greater job security against both the efforts of 
the firm’s competition and the effects of old age on 
the individual’s strength, dexterity, and endurance. 

8. Greater continuity of employment, because the 
automated line usually cannot operate in fractions, 
or unless fully manned. 

9. A safer job. 

10. The pride of running a fine machine. 

11. Opportunity to learn more of the total produc- 
tion process and machinery. 
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12. Experience with advanced equipment that 
may be even more valuable as time goes on. 

Of course, all these things do not apply in every 
situation. The point simply is that the worker has 
much to gain from automation. Why not tell 
him so? 


Myth No. 8 

Automatic Machinery Alone 

ls Responsible for Sensational Advances 
in Automatic Manufacturing and 
Productivity Increases 


There are at least five major factors involved in 
technological improvements: 


1. Spatial arrangement of machinery to provide 
a more efficient sequence of activity. 

2. Changes in materials to facilitate automatic 
production. Materials may block or advance the 
automatic aspect of production techniques. 

3. Changes in process to facilitate mechanization. 

4. Changes in product design. 

5. Automatic machinery. This is the most spec- 
tacular, but often it is not a radical machine con- 


cept but rather the mechanization of an act that 
was made simple (or eliminated) by changes in ar- 
rangement, process, material, or design, as men- 
tioned above. 


To look to automatic machinery as the sole hero 
or Villain of automatic production, productivity in- 
creases and/or labor displacement is industrial na- 
ivete of the first order. 

There are other myths and fallacies of automa- 
tion that should be exploded for the good of our 
economy and society, and to help the industrialists 
develop the implications of their programs in an 
atmosphere of understanding. But it is a grave 
mistake to assume or insist that there is no truth 
at all in them. The negative aspects of automatic 
production do sometimes happen. They happen be- 
cause of the mix of factors present in the peculiar 
situation, not because there are immutable laws of 
mechanization and inevitable drawbacks to every 
automation program. The industrialist needs to 
analyze those factors in order to make surer judg- 
ments as to the end results in his particular case. 

(Paper, “Myths and Fallacies of Automation,” on 
which this abridgment is based is available in full 
in multilith form from SAE Special Publications De- 
partment, 485 Lexington Ave., New York 17, N. Y. 
Price: 35¢ to members; 60¢ to nonmembers.) 


Lycoming T53 Gas Turbine... 


... designed for low-cost production, versatility, reliability, and ease of maintenance 


to compete with reciprocating engines. 


based on paper Dy 


HE T53 offers a good example of ruggedness and 

ease of production in the blades of its 5-stage axial 
compressor, which are made of 403-type stainless 
steel. The aerodynamic and mechanical design al- 
lowed the use of a low hardness level to safeguard 
against impact failures and to avoid stress corrosion 
cracking. 

How well this design has stood up against break- 
age is exampled in Fig. 1. A compressor rotor swal- 
lowed a chunk of magnesium approximately 2 x 3 x 
0.3 in., but, although the axial compressor blades 
are twisted and bent, not a single one broke. 

One reason for selecting a centrifugal compressor 
stage was to avoid the small and delicate blades of 
the latter stages of an axial compressor. The cen- 
trifugal stage has proved to be very rugged, none 
having been lost in 2000 hr of operation. Even in 
the example just cited, the impeller, which is fabri- 
cated of 422-type stainless steel, suffered no sig- 
nificant damage. 

A constant cross-section blading for each wheel 
and stator is provided in the aerodynamic design of 
the axial compressor. This permits use of twisted 
sections of precision-rolled airfoil strip for com- 
pressor stators and has reduced the cost of stator 
vanes from $10 to 35¢ a piece. An axial wheel with 
similarly fabricated rotor blades has been operated 
for 300 hr. This method of manufacture is expected 
to reduce the price of a rotor blade from $14.50 to 
$1.50. (Paper “Some Experiences in the Development 
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Dr. Anselm Franz, tycoming Division, AVCO Mie 


and Application of Lycoming’s T53 Gas Turbine En- 
gine,” on which this abridgment is based, is avail- 
able in full in multilith form from SAE Special Pub- 
lications, 485 Lexington Ave., New York 17, N. Y. 
Price: 35¢ to members; 60¢ to nonmembers.) 





Fig. 1—Axial compressor blades are twisted and bent, but none broken, 
following ingestion of chunk of magnesium approximately 2 x 3 x 0.3 
in. in size by compressor rotor. 
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Shell Molding... 


... makes better cast crankshafts with lower foundry 


‘on paper ty AL. N. Bogart, 


Y shell molding its cast crankshaft, Ford is realiz- 
ing varied advantages in its foundry processes, 
in its machining operations, and in the performance 
of the resulting crankshaft itself. Continued search 
for manufacturing economies sparked Ford’s de- 
velopment of the first cast automotive crankshaft 
back in 1933, as well the recent step to shell mold- 
ing. 

Reduction in machining costs was the primary 
reason for going from forging to casting, with in- 
creased design flexibility supplying the secondary 
motivation. The outstanding advantages of shell 
molding are: 

For the foundry: 


High degree of automation permitted. 
For machining: 

Less machining; reduction in tool costs. 
For engineering: 

Exceptional wear resistance of product. 


Advantages in the Foundry 


Shell molding has gained process advantages 
while retaining all of the advantages secured by the 
previous casting method. Adaptation of automa- 
tion begins in the melting area where nodular iron 
is produced continuously from advanced design 
cupolas and continues throughout the molding, 
cleaning, and inspection operations (Fig. 1). More- 
over, the operations are so divided that an effective 
combination of mechanical action and manual 
labor is possible (Fig. 2). 

The maintenance of closer tolerances from cast- 
ing to casting is another advantage. Improved uni- 
formity results not only in dimensionally near- 
perfect crankshafts, but also permits use of quality 
control procedures for inspection, gaging, and metal- 
lurgical examination. 

Raw sand requirements have been reduced from 
125 to 20 lb per casting by shell molding instead of 
normal casting. This conserves good foundry sand 
and simplifies the problem of refuse sand disposal. 

Foundry engineering needed to meet quality 
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standards during model change-over has beer sub- 
stantially eliminated. Similarly, there is less pat- 
tern maintenance. 

Foundry conditions have been vastly improved. 
With less hard manual labor, less sand required, and 
greater cleanliness of the castings, operations have 
become cleaner, less fatiguing, quieter, safer, and 
healthier. 


Advantages in Machining 


The superiority of the shell molded cast crank- 
shaft, as it is received for machining, compared with 
a crankshaft made by any other process, has made 
it possible to reduce manufacturing costs still 
further. Increased casting precision has resulted in 
a reduction in the finish stock from 9.5 lb in the 
previous casting practice to 5.5 lb. Going from a 
forged to a shell molded crankshaft has meant a 
reduction of 70% in the weight of chips produced. 
This spectacular reduction in total machining has 
had an obvious influence on machine cycle time and 
minute cost. Moreover, the increased precision 
with the absence of warpage allows fast traverse 
in many machining operations until actual contact 
is made between the tool and the workpiece. 

The closer tolerances in the casting procedure also 
improve the balancing operation. By very close 
control of the balance weight location, preliminary 
balance has been eliminated and final balance has 
been limited typically to drilling a %-in. diameter 
hole less than 1 in. deep into the two end counter- 
weights. Similarly, the centering operation itself 
has been so simplified by the careful control of 
mass location that mass centering machines have 
been eliminated. Present practice uses geometric 
centering 100%. 

Illustrative of the close tolerances to which these 
castings are held is the fact that in a recent model 
year, one million crankshafts with an allowable 
0.0285-in. clearance between the crank cheek out- 
side diameter and the camshaft distributor gear 
were assembled into engines without machining at 
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and machining costs. 


this location. 
interference. 

Tool costs have been materially influenced by 
shell molding. The precise location of all portions 
of the casting has reduced tool and machine tool 
damage due to inadequate clearance during ma- 
chining. Moreover, the absence of small sand 
particles in the casting skin has been a potent fac- 
tor in cutting tool costs. 


There was not a single instance of 


Engineering Gains from Shell Molding 


The shell molded crankshaft has the best wear 
resistance of any material ever used in our automo- 
tive crankshaft manufacture (Fig. 3). This is 
attributable to the self-lubricating property of the 
free graphite on the bearing surface and it is note- 
worthy that this advantage is gained in a material 
whose physical properties compare with those of 
steel in many ways. 

A second engineering characteristic is the excep- 
tional endurance of the crankshaft, which is at- 
tributable to the improved damping characteristics 
of the graphite-rich material, the absence of cast- 
ing defects such as shrinkages and blows, and good 
design coupled with good manufacturing procedure. 

Additional design leeway is still another advan- 
tage. It allows a more efficient distribution of 
weight and contributes to engine compactness by 
varying the casting contour to prevent potential 
interferences. And, finally, there is the advantage 
of an improved consistent balance attainable at a 
minimum cost. This eliminates drilling balance 
holes or grinding for balance in critical areas with- 
out adequate care to prevent weakening the entire 
component, leading, and other salvage expedients 
used to obtain physical balance. 

(Paper, “Shell Molded Cast Crankshafts,” on 
which this abridgment is based is available in full 
in multilith form from SAE Special Publications 
Department, 485 Lexington Ave., New York 17, N. Y. 
Price: 35¢ to members; 60¢ to nonmembers.) 
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Fig. 1—Shell molding permits high degree of automation in foundry. 
Shell molds are being poured here. 


Fig. 2—Shell moided cast crankshafts at shake-out station. Foundry 
operations are divided in a manner to permit effective combination of 
mechanical action and manual labor. 
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Fig. 3—Comparative wear on crankshaft journals. Exceptional wear re- 


sistance of shell molded cast crankshaft is attributed to self-lubricating 
property of free graphite on bearing surface of nodular iron. 
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Hercules 


Interchangeable 


HE new Hercules series of 18 interchangeable 

diesel and gasoline engines of various sizes has 
87% of the total number of parts common to all the 
engines. 


Interchangeability 


The exchange of fuel injection pump, cylinder 
heads, pistons, and manifolding is all that is neces- 
Sary to convert from gasoline to diesel and vice 
versa. The cylinder blocks, crankshafts, valves and 
valve gear, connecting rods, gear covers, and bell- 
housings are identical. Moreover, the cylinder block 
is designed with both ends identical. This enables 
the bellhousing and timing gear cover to be installed 
on either end of the block, placing the accessory 
drive and arrangement of manifolds on whichever 
side of the engine is best suited to the installation 
requirements. 

Both gasoline and diesel models are designed in 
3-, 4-, and 6-cyl sizes, with bores of 314, 334 and 4 
in. The stroke of all engines is 44%, in. The gasoline 
models cover a horsepower range of 25 hp at 1200 
rpm to 130 hp at 3000 rpm; the diesels range from 
25 hp at 1200 rpm to 100 hp at 2000 rpm, although 
higher speeds may be permitted depending on the 
application. 


Type of Combustion Chamber 


One of the first major problems associated with 
development of the engines was what type of com- 
bustion chamber to use. In order to maintain the 
feature of a single cylinder block for both gasoline 
and diesel models, it was necessary to forego con- 
sideration of a precombustion or turbulence cham- 
ber in the block. This design consideration, cou- 
pled with the advantages of easy starting and lower 
fuel consumption, led to the decision to adopt the 
direct-injection, open-type combustion chamber. 

To gain necessary background, a prototype engine 
was built from basic parts of an existing production 
diesel engine of comparable proportions, which were 
reworked and changed to an open-chamber engine. 
The test work carried on with this prototype gave 
data on direct-injection, open-chamber construc- 
tion which was valuable in designing the new en- 
gine. Then, to determine where improvements 
could be made and what the problems were, investi- 
gations were programmed involving tests on the air 
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Engine 


induction system, air turbulence within the combus- 
tion chamber, rate and timing of fuel injection, fuel 
spray characteristics, and engine cooling. 

The development of the combustion chamber in 
the piston head can be divided into three phases: 


1. Since the injection nozzle is located in the cyl- 
inder head at an angle to the centerline in the cylin- 
der, the axis of the fuel spray (from two of the noz- 
zle holes) forms a different angle to the nozzle cen- 
terline than the axis of the spray from the other two 
holes. This difference in angle was found to result 
in somewhat different spray characteristics from 
the two pairs of nozzle holes and the best perform- 
ance was obtained when the center of the combus- 
tion chamber was located at a different off-center 
position than the center of the nozzle tip. Fig. 1 
shows the difference in performance obtained with 
two of the piston designs tested having different off- 
center locations of the combustion chamber. The 
nozzle tip is located 13/32 in. from the centerline 
of the cylinder. 


2. Configuration of the combustion cavity has 
pronounced influence on engine performance. Pis- 
ton design X-22 in Fig. 2 gave better turbulence. 
More complete combustion was obtained with the 
“squish” effect linked to this particular shape. 


3. Engine output is not too sensitive to change in 
compression ratios ranging from 13.6/1 to 16.5/1. 
Engine starting is affected as the ratio is lowered 
and cold-starting tests had to be conducted to de- 
termine the ratio permitting starting at a predeter- 
mined temperature. 


Design for Production 


Each part of this series of engines was studied 
carefully with the thought of minimizing production 
equipment cost and labor cost, yet providing maxi- 
mum flexibility to suit future product developments. 
In the machining of the block, for example, in ac- 
tual design the line is tooled for the 6-cyl block. 
Changeover to a 4- or 3-cyl block (of any model) is 
accomplished by quick removal of unrequired tools 
and minor adjustments to part locating mecha- 
nisms. The block design lending itself to this ar- 
rangement is shown in Fig. 3. The 4-cyl engine is 
a section of the six, and the 3-cyl engine also dupli- 
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* Comes in 18 varieties 


/« Gasoline or diesel powered 


* 87% of all parts in common 


Based on paper by John F. Male, Hercules Motor Corp 


cates the spacing of the six. Not only are cylinder 
bores on the same centerline, but other holes for 
water passages and head bolts are of the same 
spacing. 

The cylinder-head tooling posed a more difficult 
problem since there are two cylinder heads for each 
of the three cylinder blocks (one gasoline, one 
diesel) or a total of six different heads. Fig. 4 
shows the 4-cyl gasoline head on the right and 
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Fig. 1—Best performance was achieved when center of combustion 
chamber was located at a different off-center position than center of 


nozzle tip. 
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diesel head on the left. It was still found possible 
to design machines which would process either head, 
regardless of model, yet incorporate the readily ac- 
cessible quick-change features typifying the block 
line. 

The standardized design of the entire series of 
engines simplified assembly to such an extent that 
it is feasible to schedule any combination of bore 
size, number of cylinders, gasoline or diesel, right- 
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PISTON X-|8 
PISTON X-22 


HORSEPOWER: BHP 


Fig. 2—Configuration of combustion cavity has pronounced influence 
on engine performance. Here two piston designs are compared. 





Fig. 3—Cylinder-block design lends itself to easy machining regardless 
of number of cylinders. 


Fig. 4—Cylinder head for 4-cyl engine, (left) diesel head, (right) 


gasoline-engine head 


Fig. 5—Basic engine has 2-gear front end. Timing gear housings are 
available for engines assembled with camshaft on either right- or left- 
hand side of cylinder block. 
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or left-hand rotation, and so on, for assembly on 
the mechanized assembly conveyor. 


Design for Varied Application 


A main requirement in the design of these engines 
was to make them adaptable to a wide variety of 
applications. This required a construction to make 
the engines offer all the special engineering features 
required for these installations and to be able to 
produce them economically. Here are some of the 
ways this was accomplished: 

Major component parts—cylinder block, head, 
crankshaft, and camshaft—can be used regardless 
of special installation. 

Timing gears are placed in a gear housing ma- 
chined independently of the cylinder block and 
bolted to the front end of the block. Different ar- 
rangements of gears for accessory drive can be pro- 
vided by producing different gear housings without 
a change in the block. These in turn can be used 
interchangeably with gasoline or diesel engines of 
any cylinders. 

The flywheel housing is bolted to the rear of the 
block and can be varied readily to suit the installa- 
tion. All flywheels and housings can be used inter- 
changeably on the different models. 

Front and rear engine mounts are provided on 
timing gear housing and flywheel housing respec- 
tively and can be changed as required for given ap- 
plications by simple and economical combinations 
to the pattern equipment for these parts. Single- 
point, pad, arm, or trunnion type mountings can be 
supplied. 

The bolting and sealing of the oil pan was laid out 
symmetrically so that the oil pan can be turned end- 
for-end and the same pan can be used for front or 
rear oil sump requirements. 

The basic engine has a 2-gear front end, and tim- 


Fig. 6—In one assembly, hydraulic pump is driven by extra gear which 


engages into camshaft gear, as shown. For larger pumps, sprocket is 
placed on crankshaft in front of timing gear and pump is driven by 
roller chain. 
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ing gear housings are available for engines assem- 
bled with camshaft either on the right- or left-hand 
side of the cylinder block. This is shown in Fig. 5. 
Two different types of timing gear housings for 
hydraulic pump drive are available. In one assem- 
bly, the hydraulic pump is driven by an extra gear 
which engages the camshaft gear (Fig. 6). For 
larger pumps which might require as much as 60% 
of the power of the engine, a sprocket is placed on 


Turboprops... 


.. under service test prove satisfactory in operation and maintenance. 


newest military transports. 


Based on paper by Maj. Gen. Brooke E. Allen, 


HE military air transport service has completed 

tests of the Allison YT-56-A3 engine in two Con- 
vair YC-131C’s and is putting the Pratt and Whit- 
ney T-34 through similar tests in YC-97J and YC- 
121F aircraft. 

In around-the-clock operation, the YC-131C’s 
completed 3,332 hours of flight with results which 
may be summarized as follows: 


1. Humidity effect on available shaft horsepower 
is negligible. 

2. Excellent climb characteristics make operation 
at altitudes between 25,000 and 30,000 ft practical on 
comparatively short flights. 

3. Operation over typical domestic route struc- 
ture indicates an excellent potential, with notable 
decreases in enroute time. Simple ground operation 
with practically no ground run-ups, makes the 
equipment more practical on tightly scheduled 
routes. 

4. With one propeller feathered, an altitude of 
21,000 ft, with gross weight of 43,400 lb, could be 
maintained. This is well above minimum enroute 
altitude for most airways. Failure of the feather 
pump to actuate will not affect safety because di- 
rectional control and air speed can be maintained 
with normal hydraulic action maintaining a pitch 
angle of 86 deg. The recommended altitude for air 
starts is 20,000 ft or below. 

5. Normal cruise operation between 25,000 and 
30,000 ft altitude is practical except for cabin pres- 
surization limitations (4.16 to 1). Aircraft and en- 
gine performance above 30,000 ft is very satisfactory. 

6. Over 6000 hr were accumulated on 7 Aeroprod- 
ucts turbine propellers with gratifying results. 
Propellers of the 198A series were installed near the 
end of the test and were considered superior to the 
198. The 198A had two added safety devices. An 
NTC (negative torque control) installed within the 
propeller completed the mechanism necessary to de- 
crease windmilling drag during engine failure, while 
a blade and spinner de-icing system increased all- 
weather capabilities. 

The negative torque-sensing units were thoroughly 
tested on engine run-up. Circuitry which provided 
a system of checking this unit was also ground 
checked. High speed taxi tests were conducted to 
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the crankshaft in front of the timing gear, and the 
pump is driven by a roller chain. In either case, the 
hydraulic pump is mounted on the gear cover. 

(Paper “Design and Development of New Hercules 
Interchangeable Diesel Engine” on which this 
abridgment is based, is available in full in multilith 
form from SAE Special Publications; 485 Lexington 
Ave., New York 17, N. Y. Price: 35¢ to members; 
60¢ to nonmembers.) 


Will power 


MATS 


determine directional control and to ascertain the 
possibility of ground starting by windmilling the 
propeller. The negative torque unit was tested in 
flight at the 5000 and 10,000 ft levels. Fuel flow was 
stopped by positioning the condition lever at the 
mechanical fuel-off position. This produces a neg- 
ative torque signal, driving the propeller blade angle 
toward the feathered or increased pitch position. 

A rate of climb of 300 ft/min could be established 
at 10,000 ft at 125 knots IAS in a clean configura- 
tion with the operating engine at maximum power. 
At 5000 ft, with take-off flaps, a rate of climb of 
500 to 600 ft/min was established at 125 knots IAS. 
Loss of an engine at take-off was simulated by slow- 
ing the aircraft to 110 knots IAS at 5000 ft, gear up, 
flaps at the take-off position (17 deg). The power 
levers were advanced rapidly to the take-off posi- 
tion and one condition lever moved to the mechani- 
cal full-off position simultaneously. 

Inasmuch as the negative torque sensing unit is 
a mechanical, positive action type, it is deemed un- 
necessary to use the system before every take-off. 
NTC checks should be made at the time of propeller 
installation and at periodic intervals thereafter. 
The blade angle change toward the increased pitch 
position is dictated by the strength of the negative 
torque signal, and the blade, although capable of a 
change rate of 17 deg/sec, actually moves at a de- 
creasing rate until the pitch angle and rpm are 
commensurate with a negative torque signal of 250 
to 275 hp. The tests at 10,000 and 5000 ft indicated 
adequate directional control with the present sys- 
tem. 

Although tests of the Pratt and Whitney T-34 
have not been completed, the engine TBO has pro- 
gressed well in advance of the potential and an 800 
hr TBO should be established at the completion of 
the service test program. Validation of the T-34, to 
be used on the production C-133A, has been ad- 
vanced by making the engineering improvements 
which difficulties encountered to date indicate to be 
necessary. 

(This abridgment is based on paper “Operating 
Experience With Turboprop Engines.” For complete 
paper in multilith form write SAE Special Publica- 
tions Department, 485 Lexington Ave., New York 17, 
N. Y. Price: 35¢ to members; 60¢ to nonmembers.) 
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Reasons Behind Design Features of Postwar 


Daimler-Benz 


ANY interesting problems and decisions were in- 
volved in arriving at the engine design for Daim- 
ler-Benz race cars following World War II. 
Daimler-Benz chose to power its postwar race cars 
with a 2.5-liter naturally aspirated engine rather 
than with a 750-cc supercharged engine (the other 
choice permitted by postwar international racing 
regulations) for several reasons. Among them: 


e The unaspirated 2.5-liter engine showed an ad- 
vantage when relative torque curves were compared. 

@ An output of about 115 bhp/liter (about 290 
hp at 8000 rpm) could be expected of the 2.5-liter 
engine. To get the same result from the 750-cc 
blown engine an exceptionally high boost pressure 
(in the order of 3.3 atmospheres or 48.35 psi) would 
be required. 

e@ Estimated fuel consumption would be less. 

e Racing experience gained on the unblown en- 
gine could more easily be applied to the firm’s pro- 
duction engines. 


Valve Arrangement 


To get maximum cross-section areas (important 
to the highest possible degree of cylinder filling), 
a new valve arrangement was devised (Fig. 1). 
With this it became possible to arrive at generous 
valve openings which never could have been ob- 
tained with a normal gear arrangement. 

The left-hand portion of Fig. 1 shows the usual 
layout with cam, valve, valve-spring, and cotter. 
The opening of the valve by the cam compresses 
the valve-spring. On closing—when the cam has 
moved on—the spring closes the valve against the 
cam. The strength of the spring, therefore, is the 
deciding factor for the closing operation. 

With desmodromic valve gear there are two cams 
per valve. One is directly above the valve and is 
responsible for the valve opening. The other closes 
the valve via the rocker arm. The desmodromic 
valve gear enables acceleration values to be ob- 
tained that are higher than we have ever realized 
with conventional gear. Fig. 2 gives direct com- 
parison values for a racing engine with spring- 
operated valves and the new desmodromic actua- 
tion. Higher rates of acceleration and deceleration 
are possible with the new system. So, the angle of 
opening can be kept relatively small—and comes 
close to an ideal situation. 

It has been found that the 8-cyl in-line engine 
offers many advantages if the drive is taken from 
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the middle of the crankshaft. Then the crankshaft 
and drive layout (Fig. 3) provides, in fact, a 4-cyl 
engine on each side of the power take-off. This 
helps reduce torsional vibration, as shown in the 
lower half of Fig. 3. The central drive take-off per- 
mits dispensing with the flywheel. The two small 
vibration dampers at the end of the crankshaft are 
sufficient. Also, the propeller shaft is moved so far 
to the car’s side that it can lie alongside the driver’s 
seat. Thus, the vehicle acquires a lower center of 
gravity. 


Fuel Injection Used 


Experimental results showed that, with fuel in- 
jection, 10% more bhp could be developed from the 
300 SL engine than with a carburetor. That was a 
main reason for applying fuel injection. Maximum 
bhp with the engine carbureted was 200; with fuel 
injection 220. 

Other fuel-injection 
included: 


advantages, tests showed, 


e@ Lower fuel consumption. 

@ Elimination of “flat spots.” (The 300 SL sports 
car can be driven without difficulty at 15-20 mph 
in top gear... and, without a gear change, acceler- 
ated to its maximum 160 mph.) 


Brakes 


Positioning of front brake drums and shafts to 
the front wheels made it possible to keep unsprung 
masses toa minimum. The large brake drums per- 
mitted on the front are desirable to meet the par- 
ticularly high brake forces on the front wheels. The 
joints of the shafts are contained in sleeves. Wish- 
bone arms support the wheels. Torsion bars are 
used as springs. 

On the front brake drums the inner cast ring is 
bonded directly to a Silumin light alloy drum by 
the Al-Fin process. The outer drum carries radial 
fins, which simultaneously cope with heat dissipa- 
tion and air disposal... . For better ducting, a light 
metal alloy cover is fitted over the drum. This con- 
struction prevents brake fading, because the heat 
generated under repeated sharp brake application 
is quickly dissipated. So, wear and tear on brake 
lining are small. 


Axles 


The casing of the normal swing axle is fixed to 
the chassis by rubber bushings. The two half- 
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Based on paper by H. Scherenberg, Daimler-Benz A.G. Germany 


Race Cars 
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Fig. 1—Valve actuation with (left) normal cam and (right) desmodromic Fig. 3—Crankshaft scheme of 2.5-liter racing car and vibration chart. 
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Fig. 2—Compariscn of lift and acceleration curves. Fig. 4—Rear-axle and wheel hub of 2.5-liter racing car. 
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shafts are joined at the casing. The outer axle 
shaft joints are mounted coaxially with the inner 
shaft. 

On the single joint system there is but one com- 
mon, low-mounted pivot, which is attached to the 
frame. ...And only one joint connects the two 
half-shafts. So, the casing swings with the right- 
hand axle shaft. This combination makes for good 
cornering. 

We strive to build a car which will oversteer and 
understeer as little as possible. But, in the border- 
line cases, we think a slight oversteering tendency is 
the better. 

The rear-axle layout of the 2.5-liter race car has 
two half-shafts, joined by one pivot. These are 
mounted low under the center of the rear-axle 
housing. There are also inboard brake drums. 

The section through the hub in Fig. 4 makes ap- 


parent the care expended to minimize weight as 
far as possible. Stress calculations were made for 
each of the various sectional areas. 

Particular stresses appeared at the inner hub. 
The lateral forces which bear on the tire—together 
with the wheel loading—are increased by shocks 
and applied power. So, they provide combined and 
particularly unpleasant stresses at the point where 
the inner part leads to the bell-shaped portion. The 
shape (shown in Fig. 4) keeps the maximum stress 
at the most critical cross-section down to 21 tons 
per sq in. 

(Paper, “Mercedes-Benz Racing Cars—Design and 
Experience,” on which this abridgment is based is 
available in full in multilith form from SAE Special 
Publications, 485 Lexington Ave., New York 17, N.Y. 
Price: 35¢ to members; 60¢ to nonmembers.) 


Inlets for Supersonic Aircraft . . . 


. are designed to include variable geometry which will create one or more oblique 
shock waves so as to slow the airflow to a lower supersonic value with minimum pres- 


sure loss and minimum mass flow spillage. 


HE throat area is also varied so that the normal 

shock wave is swallowed by the inlet, thus insur- 
ing maximum mass flow capture, and so that the 
airflow velocity will be decreased prior to going 
through the normal shock. Bleed doors are then 
manipulated so as to control the back pressure and 
cause the normal shock to occur at the throat (point 
of lowest flow velocity). It is general practice to 
design the inlet such that the pressure loss at each 
oblique shock and at the normal shock are equal. 


Inlet Design Problem 


Extension of the flight speed spectrum has pre- 
sented a serious inlet design problem to the air- 
frame manufacturer in that the same inlet must 
supply air to the engine at both subsonic landing 
and take-off speeds, and at supersonic operating 
speeds. The basic problem is a matter of inlet ef- 
ficiency—that is, a duct with high subsonic effi- 
ciency and vice versa. 

This decrease in efficiency is due primarily to the 
presence of shock waves in the inlet at supersonic 
speeds. (A shock wave is a discontinuity of the air- 
flow at which an abrupt change in flow velocity oc- 
curs. A shock wave may be at an angle to the 
streamline or path of airflow, in which case the 
shock is termed an “oblique shock.” Or the shock 
may be perpendicular to the streamline, in which 
case it is called a “normal shock.”) 
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The direction as well as the velocity of airflow is 
changed at an oblique shock, the change in direc- 
tion being dependent upon the velocity of the air 
ahead of the shock. The velocity of the flow de- 
creases going through an oblique shock but usually 
does not decrease to a subsonic value. In case of a 
normal shock, the flow velocity decreases from su- 
personic to subsonic and the direction of flow is un- 
changed. 

In addition to the change in velocity, a loss of 
useable energy in the air is also associated with 
shock wave and this loss of useable energy is the 
cause for the inefficiency of the inlet. A measure of 
this energy loss is the ratio of the stagnation (res- 
ervoir) pressures downstream of the shock to the 
stagnation (reservoir) pressure ahead of the shock. 
The higher the pressure ratio the higher the inlet 
efficiency. 

At a given operating condition (constant values 
of Mach number, altitude, temperature, and throttle 
setting), a turbojet engine is a constant-volume- 
flow machine whose thrust is proportional to the 
total pressure at the engine face. From this it can 
be seen that the higher the pressure recovery of 
the inlet the greater the thrust. The constant- 
volume-fiow nature of the engine also complicates 
the inlet design since major consideration must be 
given to supplying the correct volume of air for the 
engines at a given flight condition, but if excess air 
is captured, a back pressure is created in the inlet. 
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This back pressure can disturb the flow pattern and 
so reduce pressure recovery. 

Compromise of the inlet design yielding accept- 
able engine performance throughout the flight re- 
gime has not been possible so provision has been 
made in most high performance aircraft to vary the 
geometry of the inlet so as to get optimum engine 
performance at each flight condition. (The con- 
trol of this geometry variation creates a vast po- 
tential equipment market and so is of urgent im- 
portance to Lear.) 

As an example, Fig. 1 represents the general vari- 
able geometry inlet design for a pod mounted en- 
gine. In this scheme a conically shaped center- 
body (spike) is translated fore and aft, controlling 
the position of the oblique shock wave generated by 
the conical section of the spike and varying the 
throat area. These two functions of the spike are: 

1. The conical shape of the spike generates an 
oblique shock wave as shown. The airflow is de- 
flected through an angle equal to the conical angle 
of the spike, but the angle of the oblique shock with 
respect to the original flow direction is dependent 
upon Mach number and the conical spike angle. 
The energy loss associated with the oblique shock 
is dependent upon flow velocity ahead of the shock 
and the spike angle. If the oblique shock is posi- 
tioned just ahead of the inlet lip, there is minimum 
spillage of flow and hence minimum drag. 

2. The shape of the spike and of the cowl surface 
forms a diffuser with area converging to a section 
of minimum area which is termed the diffuser 
throat and then diverging to the engine face. The 
throat area decreases as the spike moves forward. 
Supersonic flow acts contrary to subsonic flow in 
that the speed of flow decreases with decrease in 
area, whereas subsonic flow follows the venturi re- 
lation in which velocity increases as area decreases. 
The converging area portion decreases the super- 
sonic flow velocity prior to going through a normal 
shock and the diverging area decreases the sub- 
sonic flow velocity downstream of the shock. 

After the spike has been positioned so as to de- 
termine the throat area, the position of the normal 
shock wave in the inlet is determined by the ratio 
of the engine back pressure to the free stream pres- 
sure. The addition of bleed doors adjacent to the 
engine to bleed off excess air and thus reduce back 
pressure allows control of the position of the nor- 
mal shock wave at point of minimum flow velocity 
to obtain best pressure recovery. 

Various current airplanes incorporate either vari- 
able spike or bleed doors or both in their inlet de- 
sign. 

The pressure loss across a normal shock wave and 
flow instability are negligible at speeds below ap- 
proximately Mach 1.4, so inlet control need not be- 
gin until this speed has been reached. 


Inlet Operation 


Three cases of inlet operation may be considered 
based upon position of the normal shock: 


1. Subcritical Operation—If the normal shock is 
located in front of the inlet, air will be spilled 
around the inlet and the inlet will not capture the 
maximum mass flow possible. The spillage will 
cause drag, reducing airplane performance and the 
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Fig. 1—Variable-geometry inlet for pod-mounted engine. 


pressure recovery will be low, since the shock will 
occur at flight speed. For subcritical operation 
there is also a danger that buzz may occur. (Buzz 
is a flow instability during which the shock wave is 
alternately swallowed and regurgitated by the inlet 
at a frequency of 6 to 25 cps.) This buzz will cause 
violent fluctuations in pressure throughout the in- 
let and may result in damage to the engine or to the 
structure. 

2. Critical Operation—If the normal shock is lo- 
cated inside the inlet at the minimum throat area, 
maximum pressure recovery is obtained, since the 
shock will occur at minimum flow velocity. For 
critical operation maximum mass flow is captured, 
and so drag is held to a minimum. 

3. Supercritical—If the normal shock is located 
inside the inlet between the throat and the engine 
face, poor pressure recovery is obtained since the 
shock occurs at a point of increasing flow velocity. 
For supercritical operation maximum mass flow is 
captured, and so minimum drag is optained. 


Since the position and intensity of the oblique 
shock and the desired throat area are a function 
only of Mach number, it is possible to schedule the 
spike to the desired position for any airplane speed. 

After the spike has been positioned, thus deter- 
mining the throat area, the normal shock location 
is a function of flight attitude, Mach number, tem- 
perature, and engine operating condition. The lo- 
cation of the shock can be controlled on an open 
loop (scheduled) basis by setting the bleed exit area 
to a predetermined position for any combination of 
the control parameters. It is also possible to con- 
trol on a closed loop basis by sensing the location 
of the normal shock and controlling the bleed doors 
in such a fashion as to drive the shock to the de- 
sired location. 

Scheduled control requires a computer which will 
combine the varous control signals and set the posi- 
tion of the spike or bleed doors to whichever posi- 
tion is required. An extensive study of the inlet is 
also required to determine the interrelation between 
bleed area and shock position and between shock 
position and Mach number, temperature, flight at- 
titude, and engine operating conditions. 

Closed loop control requires an apparatus to sense 
the location of the shock and to determine when 
the shock is in the desired position. 

(Paper “Supersonic Air Inlet Controls” on which 
this abridgment is based is available in full in mul- 
tilith form from SAE Special Publications Depart- 
ment, 485 Lexington Ave:, New York 17,N. Y. Price: 
35¢ to members; 60¢ to nonmembers.) 





Machining by 


Numerically controlled machines transform raw stock 


N the future, machining may be a completely auto- 

matic and operatorless process. The engineering 
drawing will be translated into a package of infor- 
mation expressed in the language of the machine’s 
control system. When presented to the machine; 
this information will result in the production of a 
correct finished part. 

The scope of a numerical system for machining 
extends from the engineering drawing to the ma- 
chined, inspected part. Raw data storage is the 
first step in the system. Here the engineering draw- 
ing is described in numerical format. That is, ar- 
ranged for unskilled, accurate entry of dimensions, 
tolerances, and so forth into a numerical data proc- 
ess. A manuscript is then developed. This contains 
all other necessary numerical data—the machine 
tool specifications, tool path and cutting sequences, 
work location on the machine table, feeds and 
speeds, and the combined skills of the planner, tool 
engineer, producibility expert, and of the machinist. 

The machine instruction is set up by converting 
the planned manuscript numerical data into a 
punched tape or cards suitable to high-speed com- 
puter input. This is usually done by a standard 
electric typewriter with a tape punch attachment, 
a card punch, or a ten-key adding machine key- 
board. 


Processing Numerical Data 


This numerical data is then processed (computa- 
tion and interpolation) manually, mechanically, or 
electronically. The processing includes: 


1. Calculation of discrete, progressive tool posi- 
tion points close enough to maintain tolerance. 

2. Integration of angular relationships, particu- 
larly where cutter length varies the setback distance 
of the gimbal from the work surface. 

3. Calculation of cutter-center-offset paths from 
the work face. 

4. Interpolation of smooth curves from discrete 
position points. 

5. Conversion of serial data, since it is received in 
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serial order, into parallel data (multiple channels) 
with the introduction of a time base so that on and 
off circuits and one or more cutters may operate 
simultaneously in three or more axes. 

Tool path storage (interpolated tool paths and 
other machine instructions) is the final data proc- 
essing function and this is what goes into the shop 
to operate the machine tool. It is usually a multi- 
ple-channel magnetic tape but other media such as 
punched tape, punched cards, or photo-developed 
tape are used in a few systems. 


Automatic Inspection 


A feedback system is fitted on the machine tool, 
to sense independently the actual cutter position at 
all times, and, to compare continuously, the actual 
position with the instructed position. Any differ- 
ence generates an error signal which the numerical 
control accepts as a correction factor. This is a 
form of continuous automatic inspection. 

The use of numerical controls will probably re- 
sult in a reduction in the number of holding fixtures 
required. The determination of what fixtures to 
use, however, will not be made trivial or arbitrary 
since it will be necessary to consider the effect of a 
particular choice of fixtures on the other aspects 
of programming and to avoid those choices which 
increase the other programming costs unnecessarily. 

Specification of the sequence of operation and cuts 
will have to be done with an eye to minimizing the 
time on the machine. This should be fairly simple 
for machines which have a single cutting head and 
can position rapidly to the start of a cut. If the 
machine cannot position rapidly, it will be desirable 
to minimize the amount of positioning that must be 
done without unnecessarily increasing the number 
of cutter changes. Multiple-cutting-head machines 
will call for alternating the heads so that cutters 
can be changed in one head while the other head 
is working. 

The advantages of numerical control show some 
radical improvements over present methods. A 
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Numbers 


to finished part without the aid of a machine operator 


standard numerical drawing and raw material blank 
were submitted for data processing with the follow- 
ing results: 


Manual office paperwork 
Data processing 
Machining 

Boring 


66.6% reduction 
98.5% reduction 
75.0% reduction 
80.0% reduction 


Surveys by competent engineers and technicians 
indicate that despite anticipated problems, numeri- 
cal control will yield high accuracy and much higher 
production in less factory area with less total equip- 
ment than present methods. 

Numerical control of machining operations will 
also present a number of problems. Minimizing 
negative labor relations is a problem that will re- 
quire early attention. The control systems associ- 
ated with these new machines eliminate the re- 
quirement for a skilled machinist. In his place will 
stand a new species of machine operator who will 
mount tools, install and remove the workpiece, 
change tapes, and respond to other very specific, 
but simple, instructions. In the beginning there 
will probably be an operator at each tape controlled 
machine. As time goes by individual operators will 
probably take over the servicing of multiple ma- 
chines. 

Maintenance problems will demand early atten- 
tion. Advanced training and system familiarization 
will be essential. This will be especially true of the 
early control units and associated machines. A well- 
conceived, efficiently-executed program of preven- 
tive maintenance, now generally desirable, will be 
a must for these new machines. Maintenance on 
a breakdown basis will be not only economically un- 
wise but unworkable. 

Work interchangeability between machines will 
present problems. Even with identical machines 
some problems may occur in regards to ability to 
interchange tapes due primarily to wearing differ- 
ences between the machines. These problems can 
be kept under control by means of a test tape. In- 
terchanging work between machines of basically 
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etary’s report by M. e Copold, enera ynam 


different design but capable of performing the op- 
erations required presents considerably more com- 
plex problems. Response rates of servo loops must 
be comparable, static and dynamic errors must be 
closely comparable. These are elements that must 
be considered at time of acquisition of machines. 
Unless the specifications are drawn up with inter- 
changeability in mind it will probably be impractical 
to effect interchangeability. 

(This report together with 13 other panel reports 
of an SAE aeronautic production forum are avail- 
able as SP-317 from SAE Special Publications Dept., 
485 Lexington Ave., New York 17, N.Y. Price: $2 to 
members; $4 to nonmembers.) 


Serving on the panel ‘“Machining—Numeri- 
cally Controlled” which developed the informa- 
tion in this article were: 


A. E. Hill, panel leader 


eneral Dynamics Corp 


Hand, panel co-leader 
LO ) 


eed Aircraft Cort 


M. C. Copold, panel secretary 
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B. Gaeinnie 
Northrop Aircraft, In 


W. D. Olsen 
North Americar 


C. B. Perry 


Douglas Aircraft Co., In 
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More light thrown on auxiliary brake systems, 


but basic question remains: 


Which is the better... 


Axle-by-Axle or Vehicle- 


HE vehicle-by-vehicle versus axle-by-axle auxil- 

iary brake system controversy rages on. 

Proponents of the vehicle-by-vehicle system 
maintain in general that emergency features found 
in current braking systems with minor modifications 
and additions are adequate, that the few runaways 
that have happened have been magnified out of all 


Table 1—Loss of Braking Capacity 


Per Cent of Total Service 
Braking Capacity Lost 


Axle-by- Vehicle-by- 
Axle Vehicle 


Tractor 56 56 
Trailer 44 44 


Tractor 39 39 
One trailer axle 30 
Both trailer axles 61 


Tractor front axle and 
one of the tractor 
tandem axles 

One of the tractor 
tandem axles 

All tractor axles 

One trailer axle 

All trailer axles 


Loss of Brakes on 
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Table 2—Minimum Percentage Difference When Axle-by- 
Axle Protection Is Taken as 100% 

Axle-by- Vehicle-by- 
Axle, % Vehicle, % 
A 100 100 — 
B 100 64 36 
Cc 100 68 32 


Combination Difference, % 


proportion, and that in many such instances it was 
not the system, but the maintenance and driver’s 
judgment that was at fault. 

Advocates of the axle-by-axle system grant the 
many good features found in current brake systems 
and the substantial protection they afford. They 
grant, too, that many runaways could have been 
avoided by good preventive maintenance and bet- 
ter driver judgment, but that runaways are realities 
that must be reckoned with. They believe that the 
added braking capacity afforded by the axle-by- 
axle system is necessary to provide the maximum 
safeguard against runaway vehicles. 


Comparison between Two Systems 


Comparison between the two systems concepts can 
be made by considering the three most commonly 
used air brake combinations. These are: 


A. Two-axle tractor—single axle and semitrailer. 
Brakes available, sq in. Front 150 
Rear 410 
Trailer 435 
Total 995 


. Two-axle tractor and tandem axle semitrailer. 
Brakes available, sq in. Front 150 
Rear 410 
Trailer 435 
Trailer 435 
Total 1430 


Tandem-ayle tractor and tandem-axle semi- 
trailer 
Brakes available, sq in. Front 150 
Rear 410 
Rear 410 
Trailer 435 
Trailer 435 
Total 1840 


The percentage loss of braking capacity in the 
event of brake failure would be equal with the two 
systems on the first combination, but in the case of 
the other combinations the advantages would lie 
with the axle-by-axle system, as shown in Table 1. 
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by-Vehicle? 


Since axle-by-axle protection represents the most 
braking capacity that can be expected to remain in 
the event of loss of brakes somewhere on the vehicle 
because of a broken brake chamber hose or ruptured 
diaphragm, then the minimum percentage differ- 
ence when axle-by-axle protection is taken as 100% 
would be as given in Table 2. 

This table indicates that, when tandem-axle ve- 
hicles are involved as in combinations B and C, the 
axle-by-axle braking concept provides a much 
greater margin of safety than the vehicle-by-ve- 
hicle concept. 

There is very little difference between the two 
systems in air application times or in stopping 
distance after a full-pressure service brake appli- 
cation. 


Road Tests 


These findings came from road tests of a two-axle 
tractor and tandem axle semitrailer equipped, first 
with a conventional system, then modified to pro- 
vide the additional functions for axle-by-axle auxil- 
iary brake protection. The initial road speed was 
20 mph. 

Stopping distances obtained from automatic ap- 
plication of the trailer brakes when the emergency 
line between tractor and trailer was disconnected 
(and without tractor brakes operating) was 54 ft 
with the conventional system and 121 ft with the 
axle-by-axle system. The large difference is not an 
inherent difference in the two systems, per se. The 
greater distance required to stop with the axle-by- 
axle system is the resuit of a delay purposely de- 
signed into the relay emergency valves to prevent a 
so-called “dynamite stop.” If such a valve were to 
be used on the trailer of a combination equipped 
with an otherwise conventional brake system, under 
the test conditions the distance required to stop by 
that vehicle would also be stretched out. Similarly, 
use of conventional relay emergency valves on the 
vehicle equipped for axle-by-axle protection would 
appreciably reduce the distance required to stop on 
automatic application of the trailer brakes. (Inci- 
dentally, the valves with the built-in delay used on 
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the vehicle with axle-by-axle protection are strictly 
experimental and are not available to the public.) 
For these reasons, no arbitrary stopping distance re- 
quirement for the emergency system is practical. 

Among other stopping distance test results ob- 
tained with the axle-by-axle system under various 
emergency conditions and with the vehicle combi- 
nation loaded to 51,000 gtw were: 

1. With 86-psi initial pressure, a fast leak was 
induced in the tractor reservoir. While maintain- 
ing 20 mph, 7% sec after start of the fast leak the 
tractor protection valve had closed and the relay 
emergency valves started the building up of pressure 
in the trailer brake chambers. The stopping dis- 
tance from this start of emergency brake applica- 
tion until the vehicle combination had stopped was 
156 ft. 

2. Under the same conditions as above (1), a slow 
leak was induced in the tractor reservoir. The stop- 
ping distance from the point of start of emergency 
trailer brake application until the vehicle combina- 
tion had stopped was 154 ft. 


Safety Equipment 
There are many good items of tractor-trailer 
brake safety equipment available. Undoubtedly, 
they would come under the classification of vehicle- 
by-vehicle or conventional equipment, but they do 
enable a fleet to operate without serious accident. 
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A widely used and extremely important safety 
item is the low-air-pressure warning device. An- 
other item is the one-way check valve, which is 
used quite generally between compressor and reser- 
voir to ensure that all air in the brake system will 
not be lost if there is a failure of the line from the 
compressor to the brake application storage system. 

The trailer emergency relay valve is also very 
widely used. Its purpose is to provide for automatic 
application of the trailer brakes should the trailer 
separate from the towing vehicle. Some of these 
valves have a no-bleed-back feature incorporated 
in their design so that the trailer air supply cannot 
be depleted except by a normal service brake appli- 
cation or by an emergency application. Without this 
no-bleed-back feature, a slow leak forward of the 
valve could cause the entire air system’s supply to be 
depleted. 

Some emergency relay valves have, in addition to 
the no-bleed-back feature, a restricted orifice in the 
supply line going to the valve. The restriction will 
protect those parts of the system not controlled by 
the particular valve, by limiting the input of air 
through the valve to a rate no greater than the com- 
pressor can provide normally. These later develop- 
ments on the emergency relay valve have greatly 
enhanced its safety value. 

The ICC regulation for a tractor protection valve 
gave manufacturers considerable latitude in the de- 
velopment of such valves. Some valves were de- 
signed to close the lines off automatically upon 
severance, while in other cases the use of a manual 
control was included in the valve design. One of 
the most widely used valves with manual control 
also incorporates a provision to apply the trailer 
brakes by opening the emergency line, thus throw- 
ing the trailer into the emergency application. By 
appropriate use of the manual control the emer- 
gency line can also be closed and recharged to re- 
lease the trailer brakes. 

This particular valve has an added safety feature. 
Should the air supply on the tractor fail and the 
driver neglect to use the hand control, the valve will 
automatically close off the lines when the pressure 
reaches a predetermined amount of approximately 
24 psi. This means, of course, that with the auto- 
matic closing off of trailer lines the trailer brakes 
would then be thrown into emergency as well. The 
low-pressure warning device would come into play 
long before this condition developed, but should the 
driver disregard the warning, the automatic brake 
application would come as a final safety measure. 
Use of this type of tractor protection valve in con- 
junction with one of the trailer emergency relay 
valves, which has the no-bleed-back feature, pro- 
vides an excellent safety combination. It assures 
the availability of a full tank pressure for the brakes 
when the trailer brakes are thrown into emergency. 

It is highly important that an auxiliary means for 
controlling the brakes manually be incorporated in 
the braking system of combination vehicles. With 
this, the driver should have an opportunity to re- 
lease the brakes after making an emergency ap- 
plication. The sudden locking up of brakes while 
proceeding in a line of traffic, at a traffic intersec- 
tion, or on a railroad crossing, could in itself be the 
cause of a serious accident. The unwanted auto- 
matic application of brakes can be extremely haz- 
ardous, and this hazard can be doubled by the ina- 
bility to release the brakes immediately. The auto- 
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matic application of brakes as a last resort, as de- 
scribed in the previous paragraph, could be a real 
contribution to safety in cases where the driver 
would have ample opportunity to control the unit in 
normal conditions long before the need for an auto- 
matic application would arise. 


Effectiveness of Emergency Features 


Tests have been conducted to determine the effec- 
tiveness of some of these emergency features. All 
tests were run at 20 mph, using a tractor and tan- 
dem-axle trailer having a gross weight of 56,000 lb. 
The first runs were made with normal brake appli- 
cation and the combination vehicle was stopped in 
about 28 ft, as measured with a detonator. In the 
next runs when the hand control feature of the 
tractor protection valve was used, which means 
using only the trailer brakes, the stopping distance 
was approximately 56 ft. In this instance the serv- 
ice line to the trailer was shut off to ensure making 
the stop with only the air in the trailer reservoir. 

In the third and final tests, only the tractor brakes 
were used. Controls to the trailer were shut off, 
and the trailer tank was bled down to be certain 
there was no air available. Again, stops were made 
in about 56 ft. These trials indicate that had brakes 
been used in the same manner on a grade, there 
would have been no runaway. 

The need for good maintenance of the braking 
system on any combination of vehicles cannot be 
overestimated. No system is stronger than the 
maintenance provided. Therefore, because a simple 
system can be more easily maintained, the entire 
control system should be kept as free from complexi- 
ties as possible. Intricate controls can easily defeat 
the purpose for which they are intended. 

In view of experience with the many good items 
of tractor-trailer brake safety equipment perhaps 
it is more to the point simply to see that we have 
good protection for the combination units on the 
road, than to battle over the relative merits of the 
two brake system concepts. 


ICC Regulation 


In commenting on the proposed ICC regulation, 
section 193.53, one person has said: “... there is no 
known valve or device which will work properly and 
effectively comply with the proposed regulation 


” 


without creating new hazards and problems. . 
All agree that this is true. The problem is too big 
to be solved by the use of a valve or device merely. 
The solution lies in a braking system carefully 
planned as to the relations and interactions of all 
its parts. Such a system may depart little or not 
at all from the system already in use on the individ- 
ual vehicle, or it may depart radically, depending on 
the braking system on the individual vehicle and 
that on other vehicles in the combination. 

Critics have stressed that the proposed rule would 
increase the possibility of malfunctioning because 
of the complexity of the system required. Some 
commentators have said a completely separate sys- 
tem for applying brakes in the event that the regu- 
lar braking system fails should be acceptable as al- 
ternative to other provisions of the proposed rule. 
Others maintain just as emphatically that devices 
used only in emergencies are much more likely to be 
neglected as to maintenance than the devices they 
are intended to safeguard. 
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Spot checks have been made of 30 recent acci- 
dents involving vehicle combinations in which brake 
failure was alleged to have been a contributing 
factor. Of these, 14 should have been prevented if 
proposed rule 193.53 had been in effect and observed. 
Ten accidents might or might not have been pre- 
vented, while the remaining six would not have 
been prevented. 

A vehicle-by-vehicle approach has been urged as 
an adequate solution to the problem, provision to 
be required such that failure of brakes on either 
tonitialee towed vehicle would not render the brakes 
on the other vehicle inoperable. Specifically, the 
Bureau of Motor Carriers has been urged to recom- 
mend to the Commission certain amendments to 
the Motor Carrier Safety Regulations based on the 
following five points as regards air brakes, suitably 
modified for brakes on other types as appropriate, 
in which a towing vehicle may be either a truck or a 
truck-tractor, if used to tow a trailer required to be 
equipped with brakes, and a trailer may be any form 
of semitrailer, full trailer, or pole trailer, when re- 
quired to be equipped with brakes: 


1. Equipment of each towing vehicle (not those 
made after June 30, 1953, merely) with means for 
keeping its brakes operative in the event of break- 
away. 

2. Equipment of each towing vehicle with means 
for activating emergency features of the trailer 
brakes manually. 

3. Equipment of each towing vehicle with means 
for automatically applying the trailer brakes in the 
event of serious depletion of the power for operating 
power brakes. 

4. Equipment of each towing vehicle with means 
for preventing loss of brake power in the event of 
failure of the connection between reservoir and 
power source. 

5. Equipment of each trailer with means for pre- 
venting loss of air from the reservoir by backflow 
through connections with the towing vehicle. 


Several advantages are claimed for the amend- 
ments. They could be made effective at an earlier 
date than the originally proposed rule 193.53. The 
braking systems so required would be simpler, more 
reliable, and less burdensome to carriers as regards 
cost and maintenance, while affording the protec- 
tion sought to a substantial degree. On the other 
hand, the principal advantage of a braking system 
complying with rule 193.53 would be that in the 
event of part failure, more of the brakes on the 
combination would remain effective and subject to 
better control by the driver. This appears to be 
especially important for relatively heavy (multiple- 
axle) trailers, and on slippery roads. 

Since the modifications of regulations do not bear 
on the question of brake performance in the usual 
terms of feet to stop from specified speed, tests to 
establish the practicability of compliance with new 
or proposed regulations should not include decelera- 
tion tests. Instead, they should comprise timing 
tests, probably by electrical means, to ascertain the 
time from the moment the driver’s foot touches the 
pedal to the moment the brake cylinders or cham- 
bers come to full travel at standard operating pres- 
sures, such as 60 psi (air), 15 in. of Hg (vacuum), or 
1500 psi (hydraulic). 

Such tests should be made before and after re- 
modeling the brake system to comply with the new 
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or proposed rule (where remodeling is necessary) 
as a check against claims that compliance interferes 
with normal service brake action. They should be 
repeated after a considerable period of regular com- 
mercial service, with standard maintenance as prac- 
ticed by the vehicle owner, with careful recording 
of all work done to the brake system. The last set 
of tests should include such simulated part failures 
as can be agreed upon. 
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ICC Regulations Amended 


HE accompanying story is based on papers pre- 
sented while the pertinent ICC Regulations 
were still pending. 


The following remarks by Carl C. Saal, chief, 
Vehicle Operations Section, Bureau of Public 
Roads, and chairman of the session at which the 
papers were given, tell what has happened since: 


“The discussion of ICC Regulation leaves the 
impression that adoption of either the proposed 
section 193.53 or a proposal based on the vehicle- 
by-vehicle concept is still pending. However, 
ICC has adopted measures which are practicable 
but less stringent than 193.53. Effective June 
30, 1956, sections 193.43, 193.50, and 193.51 of the 
Motor Carrier Safety Regulations were.amended 
to provide added safeguards against parts failures 
in motor vehicle braking systems. The revision 
of 193.43 provides for vehicle-by-vehicle protec- 
tion of the braking systems and the use of no- 
bleed-back relay emergency valves. The revision 
of 193.50 requires use of a check valve between 
the source of compressed air or vacuum and the 
reservoir on the tractor, and the revision of 193.51 
requires use of a low-vacuum warning device 
on trucks and truck tractors used for towing ve- 
hicles equipped with vacuum brakes. 


“Although the provisions of the regulations 
adopted by ICC provide a somewhat lesser meas- 
ure of brake reserve than the original proposal, 
they do represent a substantial and worth-while 
forward step in putting into the hands of the 
motor vehicle driver the means of bringing his 
equipment to a stop after a failure of some part 
of the braking system. The system adopted has 
a number of very important advantages at least 
equal, and in some respects superior, to those 
which would result from the orginal proposal. 


“In order to evaluate more fully the relative 
merits of the two concepts of brake protection 
the Bureau of Public Roads, in cooperation with 
and at the request of ICC, is conducting a com- 
prehensive study of emergency braking systems. 
Results of the tests will provide factual informa- 
tion on which the Bureau of Motor Carriers can 
base additional revisions of their safety require- 
ments for brakes as they become necessary or 
desirable.” 
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Experience Gives 


13 Answers 


to Current Heat-Treat Questions 


This article distills practical information for immediate use by engineers from the 
experience of these seven men and their audience at the panel on Heat Treating Tech- 
niques at an SAE Tractor Production Forum: 


J. D. Graham, arveste hairmar 
D. J. Wulpi, international Harvester ecretary H. J. Bates, Fa 
J. H. Clark, international Harvest M. L. Frey, A\ii 
N. K. Koebel, Lindberg Engineering S. L. Henry, 4 


Q. How close can carbon restoration be controlled. 


Carbon restored stock purchased from the mill usually has a considerable maximum surface car- 
A bon content above that of the base metal. For example, in SAE 1045 steel the maximum surface 
e carbon content may be eutectoid. Closer control is not now possible with the large loads used in 

mill production. 
In any case, the maximum carbon content must not be less than that of the original stock. With smaller 
furnaces and smaller loads, carbon restoration can be controlled to closer limits with proper atmosphere 
control. The depth of carbon penetration must be such that no location has a carbon content less 


than that of the base metal. 


Are seams and other surface defects any worse in 
e carbon-restored bars 


bars. If the material is to be locally hardened (as by induction or flame heating), the mill may pay 
e more attention to surface condition if its ultimate use is known. Danger of cracking due to surface 
defects may be somewhat lessened by stress relief prior to hardening. 


A No. The surface condition of carbon-restored bars is about the same as for any cold finished 


In carbonitriding, how can the white layer and 
e microcracking be eliminated 


If left at heat for a long period of time, the nitrogen content in particular must be controlled. 
e One method found satisfactory in controlling the case is to carbonitride, aircool, reheat in a 
neutral bath, and hot quench. 
Apparently, coarse grain is the major cause of microcracking in carbonitriding. It is independent of 
the method of quenching. Microcracking may be damaging in fatigue, although no known failures have 
been attributed to it. 


f\ By avoiding excessive carbon and nitrogen content of the case, the white layer can be minimized. 
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How can distortion be minimized in stampings case 
. hardened to Rockwell C 60 


A By controlling the quality of raw material from the source so that differential hardening, giving 
e distortion, does not result. Killed steel is generally desirable for this purpose. 

Another way is to relieve, prior to heat treatment, stresses resulting from stamping. This can be done 
by overheating the stamping in a fixture so that it will hold its shape better when case hardened. 

Carbonitriding should be performed at 1550 F, dropping the temperature to about 1450 F before 
quenching. 

Distortion may also be minimized by clamping the part in a fixture prior to hot oil quenching, but 
after carbonitriding to the desired case depth. 

If sufficient nitrogen is present in the case, it may be possible to use an air or atmosphere quench to 
successfully harden the surface. However, if this is done, the case will be very superficial on low-car- 
bon stock. 










Q. What is bright hardening and how is it achieved. 





A Hardening to produce clean surfaces, free from oxide or carbonaceous products, is known as 
e bright hardening. 

The entire heat treating operation must be carefully controlled to avoid formation of these undesira- 
ble products. The part must be clean and free from oil when put into the surface. Tight furnace 
construction avoids infiltration of air, which would oxidize the surface. 

Important is a closed quenching system, and maintenance of a neutral atmosphere above the quench 
tank to avoid oxidation of oil and contamination with moisture. Rapid oil agitation reduces the possi- 
bility of oil breakdown by the hot parts, particularly when large masses or heavy sections are being 
quenched. Good oil filtration systems should be used to maintain oil cleanliness. 

Under optimum conditions, the appearance of the hardened part should approximate its appearance 
before heat treating. The appearance may gradually darken as the oil becomes contaminated over a 
period of time. 















Can the same quenching oil be used at low tem- 
« peratures as well as up to 300 F 








varied. It may be necessary to adjust agitation to compensate for changes of quenching power 


A Special oils, made for variable temperatures, should be used where the oil temperature is to be 
eas affected by oil viscosity. 






Is it necessary to temper carburized helical and 
spiral-bevel gears quenched in hot oil (250-350 F). 







control of core hardness and case depth must be maintained to avoid undesirable residual stresses. 


A Tempering or stress-relieving of constant-mesh gears is often unnecessary. However, careful 
e If shock loading or clashing is encountered in service, tempering in the 325-425 F range is advisable. 





How can an internal spline in a disc be hardened 
to Rockwell C 40-45 without distortion of the disc. 
Q (The disc, which must be made of Armco iron for 
e its nonmagnetic properties, is about % in. thick and 
has a 1% in. pitch diameter internal spline.) 





hardened. This may conveniently be done by carbonitriding while protecting the areas not to be 

e affected. 
It may be desirable to use an oversize broach to compensate for bore shrinkage if the change is uni- 
form. Or, when quenching after carbonitriding, it may be convenient to quench on a splined plug, 


f\ Before any hardening can take place, it is necessary to have a carbon buildup on the areas to be 
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possibly in a flat quenching die fixture to maintain shape. If the desired hardness is not achieved, 
the spline can be induction hardened while rotating the disc during heating and during an integral 
spray quench. This procedure will help to give uniform heat and hardness distribution. 


machinability when the analysis corresponds ap- 


How can steel castings be heat treated for optimum 
e proximately to SAE 8620 


structure. Large ferrite areas are usually detrimental to good machining because of tendency 

eto be “gummy.” It may be necessary to temper large pieces after normalizing to reduce the hard- 
ness of projections and corners, because these may have cooled faster and thus become somewhat 
harder than the main body. Mechanical factors, such as sand, may be detrimental to machinability 
of castings, but metallurgical principles are similar to those of wrought steels. 


A Low carbon, low alloy steels should be normalized with a fast air-cool to give a fine pearlitic 


How does the load carrying capacity of induction- 

e hardened gears compare to that of carburized gears. 

At a given hardness level, properly made induction-hardened gears have about the same load 
. carrying capacity as carburized gears. 


How can dimensional control of plain carbon in- 
e duction-hardened bull gears be maintained 


treated separate from the hub, or carrier, than when the gear is integral with the hub. 
e Also: 
@ A symmetrical cross section tends to reduce trouble from taper. 
@ Heating and quenching must be uniform on the gear to equalize residual stresses. Either 
water or oil quenching may be used, depending upon the gear size and the steel used. 
@ Preheating. prior to induction hardening is frequently used for dimensional control. 


f\ Design is a most important factor. It is easier to control dimensions where the gear is heat 


1024 steel (1.35—-1.65% manganese), carburized and 


How can retained-austenite be minimized in SAE 
e direct-quenched 


It is possible to refrigerate the part to transform more austenite but this is usually impractical in 


Drop the temperature to 1525-1550 F from the carburizing temperature before quenching. 
A. production. Also, excessive surface carbon concentration should be avoided. 


How can a maximum case-carbon content below 
e 1% be maintained in continuous carburizing 


The furnace design is very important. If separate zones of atmosphere cannot be maintained, diffi- 
e culty will be encountered. Long, narrow furnaces are best suited for this purpose. 
The first zones must be rich in carburizing potential while the last, or diffusion, zones must be lean 
to enable the carbon buildup to penetrate deeper into the steel. 


A Diffusion zones in the furnace are necessary to properly reduce the surface carbon content. 


(This report together with 7 other panel reports are available in full in multilith form as SP-316 from 
SAE Special Publications Dept., 485 Lexington Ave., New York 17, N. Y. Price: $1.50 to members; $3.00 to 
nonmembers.) 
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Jets will compound 
ground handling 
chaos unless we .. . 


Lockheed Aerobridge propels itself into position and adjusts to airplane door height for rapid conveyorized loading. 


Modernize Terminal Facilities 


sd on seer ty Es ee. Olan, 


Ba 


O be as modern and efficient as the planes they 
will serve, passenger gate positions at terminals 
serving jet airliners may require: 


1. Fixed installations for fuel, air conditioning, 
and auxiliary power. 


2. Sheltered entry for passengers. 


Concentration of mobile serving equipment at 
gate positions causes congestion. The obvious way 
to reduce the congestion is to substitute fixed in- 
stallations for this mobile equipment. Most of it 
could be eliminated. 

Fueling is a problem of material handling—of 
moving a volume of liquid from a point of storage 
to the gate position and into the airplane tanks. 
Small quantities are best handled by truck; large 
amounts by pipeline. Hydrant and pit systems are 
in use and the throughput is justifying the invest- 
ment. The saving in fueling time, permitting short 
en route stops and more rapid turn-arounds, is a 
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definite value. Removing the tank trucks from the 
traffic pattern at the gate position is a great con- 
venience. Hydrant systems should be more widely 
used today, and for the turbo transports of tomorrow 
they are a must. 


Electrical Power Requirements 


The coming aircraft will require as much as 150- 
kva capacity, 400-cps, a-c current at the gate posi- 
tion. Fixed installations for d-c supply have proved 
economical. The modern gate position must pro- 
vide for both a-c and d-c supply from remote gen- 
erators. Whether the current comes from a central 
generating source at each concourse or from indi- 
vidual units at each gate is for the electrical engi- 
neers to decide. A limited number of outlets per 
generator will probably be the answer. 

At the Amon Carter Field at Forth Worth, an 
underground manifold system delivers precondi- 
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tioned air to each gate position. The system ties 
into the terminal building heating and cooling sys- 
tem. It is extremely reliable, requires little main- 
tenance, and can be attached to a plane seconds 
after it has arrived at the gate position. 

Large aircraft are requiring approximately 25 tons 
of refrigeration. Engineers have estimated a cost 
of $1200 per ton per gate position for an installation 
comparable to that at Amon Carter. This would in- 
clude a proportionate part of the central refrigera- 
tion and heating equipment which furnishes the 
chilled water and steam to the heat exchangers. 
The cost can be justified and the ramp is free of 
another mobile unit. 


Pneumatic Power 


Jet transports are going to require pneumatic 
power. This could be supplied through a manifold 
system to the gate from a central receiver-tank or 
accumulator charged by a standard shop supply air 
compressor. Such systems are currently used at 
aircraft and jet engine plants. The installations 
are reliable, low in maintenance, quiet in operation, 
and the initial cost is below that for portable equip- 
ment. 

As part of fixed installations at each gate posi- 
tion there should be a sewage system replacing 
portable carts. Here it will be necessary to pro- 
vide hot water for septic tank flushing and re- 
plenishing with the necessary liquid, all of which 
could be incorporated in a pit on the ramp. 

Powered conveyors to carry luggage from the air- 
plane to the baggage claim areas are essential for 
the modern terminal. Unless a terminal is planned 
so that baggage claim areas are reasonably near 
gate positions, such a system would be very com- 
plicated. Properly designed conveyors can also 
be used to emplane baggage. 

Even with fueling, air conditioning, and auxiliary 
power supplied from fixed positions, and baggage 
handled by conveyors, there will still be some mo- 
bile equipment needed. There will be commissary 
trucks, trucks with cabin cleaning supplies and ma- 
terials, and freight, express, and mail. 


Sheltered Passenger Entry 


Once a fuel hydrant system is installed, and other 
services are supplied from fixed positions at the gate, 
an airplane must be brought into that gate position 
and spotted with reasonable accuracy. With this 
done, the way is open to provide sheltered passenger 
entry with a minimum of cost, and at the same time 
do away with another piece of portable equipment 
—the passenger stairway. 

The airlines have been searching for a solution 
to the entry problem for more than 10 years, and 
several ideas have been developed. There is the 
Whiting Loadair installed at New York International 
Airport which pulled the airplane sideways to index 
the passenger door with a fixed platform which 
was roofed over and connected to the concourse by 
a passageway. The concept could be incorporated 
into a general airline terminal plan. 

Another method is to use a canopied bridge struc- 
ture that reaches out from the concourse structure 
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to the passenger door after the airplane has been 
spotted. Basically, this is the Lockheed Aerobridge 
now being service-tested at Travis Air Force Base 
as a means for bridging the gap between freight 
terminal and cargo plane for the fast, efficient 
movement of cargo. At O’Hare Airport in Chicago, 
this concept was kept in mind in designing the con- 
course of the terminal building. 


Nose Dock Entry 


In 1945, Albert F. Heino, a United Air Lines archi- 
tect, recommended at an SAE meeting in Chicago 
that the airplane be positioned in a nose dock to 
facilitate sheltered entry. The proposal required 
that the passenger door be placed in the forward end 
of the plane cabin. No such door location was con- 
templated at the time and the idea was ridiculed. 
Today, airplanes with this feature are in service and 
the turbo airplanes now being built will have this 
accommodation. In planning for sheltered entry, 
this far-sighted architect’s idea must now be given 
thorough consideration. 

(Paper, “Planning for Handling Jet Transports 
at the Passenger Terminal,” on which this abridg- 
ment is based is available in full in multilith form 
from SAE Special Publications Department, 485 
Lexington Ave., New York 17, N. Y. Price: 35¢ to 
members; 60¢ to nonmembers.) 


Based on Discussion 


E. F. Zimmerman, 


(yi 1 


I some instances fueling by truck is cheaper than 


hydrants and operationally acceptable. In others, 
fueling by truck is acceptable now, but a later in- 
crease in traffic would require use of hydrants. In 
either case, fueling facilities can be developed in 
phases as follows: 


1. Install initial fuel storage with a truck loading 
rack not too remote from the passenger terminal. 
Fuel with trucks, using this storage area for filling. 


2. When increased throughput will justify the 
expense, construct additional fuel storage, pipelines, 
and satellite tanks which should be located as near 
to the passenger terminal as is acceptable. The 
truck loading rack should then be moved to the 
satellite tank area. Fuel by truck, but fill them at 
the satellite tank loading rack. 


3. When the expense can be justified, construct 
pipelines from satellite tank area to the gate posi- 
tions and install hydrants. Fueling will then be per- 
formed by hydrant carts. 


Phase development should result in installations 
being made when and if required. This will obviate 
the risk of making installations which will have to 
be paid off before traffic will bear it. 
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How Ford 


Met the Challenge of 


Severely Offset 
Hypoid Gears 


AN severely offset hypoid gears be made com- 

mercially? Will they be adequate in an auto- 
mobile? 

Ford’s answer is “Yes.” The affirmative answer 
results from calculations, tests, and service exper- 
ience related to Ford’s new 1957 rear-axle design. 

Design of the hypoid gears was the most challeng- 
ing problem in developing this new unit, which has 
a straddle-mounted pinion. Also incorporated is a 
214-in. pinion offset, a 2- instead of a projected 3- 
jointed driveshaft, and a new housing designed for 
flexibility and maximum manufacturing economy. 

Part of the gear problem arose from the wide 
range of gear ratios with acceptable noise charac- 
teristics required (from 2.9/1 to 5.8/1). 

Besides, increased pinion offset from 1% in. in 
1956 to 2% in. in 1957 was a new problem in a new 
territory. To understand it, Ford engineers had 
to recall that all gears slide to a degree in profile 
action. Also, that hypoid gears slide along their 
face. Extreme-pressure lubricants are mandatory 
to successful performance. Scoring or welding 
(caused by lubricant being wiped clean of the tooth 
surfaces) is of extreme concern. 

Hypoid gears produced in quantities usually have 
a 45- or 50-deg pinion spiral angle ... and the offset 
angle, or difference in spiral angle varies from 10 
deg in truck applications to 25 deg for passenger 
cars. The tangent of 50 deg minus the tangent of 
25 deg has been generally recognized as the maxi- 
mum successful endwise sliding factor in commer- 
cial experience. It has been generally assumed that 
to exceed this quantity when using commercially 
available lubricants might produce scoring. 

Slide components not exceeding this quantity 
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mn paper by Bain Griffith, Ford Motor Co 


with 2'4-in. offset gears dictated a maximum pinion 
spiral angle of 40 deg—and about 5 deg on the gear. 

With this as a starting place, Ford designed the 
gears in a ratio of about 3/1 and 4/1, as design- 
scheme trials. 

Next, the variation in pressure angle in the two 
sides had to be properly established. (Hypoid gears 
“lean over,” and gear-cutting is a real question be- 
cause the “leaning over” condition becomes sub- 
stantial as the pinion offset increases.) 

Fig. 1 makes clear that, in the pitch plane, gear 
and teeth are moving in two different directions at 
the same time. The tops of the pinion profiles on 
the drive side are engaging larger gear-tooth ele- 
ments as they roll out of mesh. Conversely, the 
profiles have to shrink on the coast side, going out 
of mesh in reverse rotation. 

The instantaneous rate of change in size of tooth 
profile establishes the so-called “limit pressure 
angle” so much talked of in hypoid gears. This is 
the quantity which must govern the “lean-over” of 
the teeth. By merely changing the pinion offset, 
other things remaining equal, the limit pressure 
angle increases rapidly. 

Fig. 2 is a “virtual” section of the pinion tooth. 
The radial distance to the inner ends of the two 
pinion profiles is about equal if the projection of 
the pressure angles themselves are equal from the 
projection of the limit pressure angle. The maxi- 
mum depth of a pinion tooth from the pitch joint 
that will develop no undercut on either profile can 
be determined with fair accuracy. This undercut- 
ting condition will not necessarily remain constant 
from end to end across a relatively long tooth face. 
But gear teeth can be designed on this basis which 
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can be expected at the outset to be reasonably free 
from undercut. 

The first gears that looked right and rolled well 
were designed with the 40-deg pinion spiral angle. 
But lack of tooth overlap was evident with noise 
and roughness. 

At the earnest suggestions of Ford’s gear develop- 
ment people who have to maintain the quality in 
prodaction, new gears were designed to the conven- 
tional scheme of 50 deg on the pinion and about 15 
deg on the gear. 

The endwise sliding was expected to be disastrous. 
However, from the cutting standpoint, these designs 
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Fig. 2—Transverse pinion 
profile showing tooth 
axis. Radial distance to 
inner ends of two pinion 
profiles is about equal 
if projection of pressure 
angles themselves are 
equal from projection of 
limit pressure angle. 


were entirely satisfactory. In the gear laboratory, 
they looked right and sounded right, and they re- 
acted to manufacturing methods of long-standing. 
These were gears that could certainly be made com- 
mercially. 

Scoring was expected to be the major problem, 
but dynamometer efficiency factors of 96 and 97% 
are identical in axles with normally offset hypoid 
gears or bevel gears. 

An indication of the effect of tooth pressures and 
endwise sliding velocity was obtained by comparing 
assemblies of known characteristics. Finally, it was 
concluded that the increased rate of endwise slid- 
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ing of the teeth was not the problem it had been 
presumed to be. 

Performance with sustained high speed was 
checked with automobiles driven at an average of 
95 mph, 85 F ambient air temperature. After a few 
laps of the track, oil temperature stabilized at 195 
F, which is lower than the temperature of many 
axles of conventional design. Furthermore, in 
Ford’s dramatic and widely publicized “Operation 
Left Turn” the 1957 axles withstood the continuous 
high-speed operation, evidenced no distress, and re- 
mained entirely serviceable after being removed 
from the test cars. 

Ford’s 1956 assembly weighed 57 lb and the 1957 
assembly weighs 65 lb; all but % lb is directly at- 
tributed to the increased offset in forging and cast- 
ing requirements. The range of gear ratios is also 
much broader. Minimum competition weighs 64.25 
lb and the balance of 1957 production in the field 
range heavier, to 80 lb. 

There are currently in production 16 different 
ratios with no change in gear mounting distance. 
All ratios are interchangeable in the same differ- 
ential carrier with the same differential case. 
Spiral angles on the gears, however, vary from 45 
deg on the fastest ratios to 60 deg on the slowest. 
Table 1 indicates the design quantities of the entire 
range. 

(Paper, “Design Features of the New Ford Axle,” 
on which this abridgment is based is available in 
full in multilith form from SAE Special Publica- 
tions Department, 485 Lexington Ave., New York 17, 
N. Y. Price: 35¢ to members; 60¢ to nonmembers.) 


Best Fuel Economy .. . 


Table 1—Design Values—1957 Ford Axle Gears 
(8.75 P.D. GEAR, 1.375 FACE, 2.25 OFFSET DOWN) 


No. of No.of Pinion Gear Torque Pinion 
Ratio Pinion Gear Spiral Spiral Input, R 
Teeth Teeth Angle Angle 'ib.-ft. “?™ 
2.91 11 32 47°30’ 15°21’ 970 500 
, 3.10 10 31 + 50° 17°19 970 500 
mar 3.22 4 29 50° 17° 2 970 500 
Production 3.56 9 22 . & 16°21’ 875 500 
3.70 10 37... & 16° 7’ 840 500 
3.89 9 35 50° 15° 47’ 840 500 
4.11 9 37°. 60° 15°30’ 730 500 
3.40 10 34 50° 16° 38’ 
4.29 7 30 3=—«555*° 20° 14’ 
4.57 7 32 55° 19° 57’ 
Series 1) 4.72 7 33 42 55° 19° 45’ 
Special 4.86 7 34 55° 19° 38’ 
5.14 ' 36 ~=660° 24° 7’ 
5.43 7 38 = 60° 23° 57’ 
5.67 6 34 860° 23° 50’ 
5.83 6 35 60 23° 46’ 


Series I includes dynamometer loading; average life ex- 
ceeds 1,000,000 pinion cycles. 





_. . of diesels was obtained with poorest quality fuels, but excess exhaust smoke and 


other problems arose, in recent tests. 


Greyhound-Gulf study on the effect of diesel fuel 

characteristics on power, acceleration, economy, 
and exhaust smoke indicates that: 

1. Maximum horsepower is obtained on the poor- 
est quality fuels, that is, those having low volatility 
and low cetane index. The use of such fuels would, 
however: 


(1) Result in premature overhaul. 
(2) Promote excessive exhaust smoke. 


Thus, it is doubtful if this type of fuel can be rec- 
ommended for continuous use, partciularly because 
of its low cetane index. 


2. Acceleration is more a function of driving hab- 
its than fuel characteristics—despite reports to the 
contrary. Between eight fuels of widely varying 
characteristics the coach using the apparent fastest 
fuel could not pass the coach using the slowest fuel 
in less than 15 sec. All eight fuels reached 4% mile 
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There is need for further study, the authors say. 


Based on paper by J. M. Sills and WwW. A. Howe 


Greyhound Corp ulf Oil Corp. 
within 1.34 sec and % mile within 2.0 sec. In four 
consecutive tests on the same fuel the results 
showed that 20 sec would be required for one coach 
to pass another and that on these four tests 4% mile 
was reached within 1 sec and 4% mile was reached 
within 1.7 sec. If the acceleration tests showed any 
advantages between the fuels both in time and dis- 
tance, it was in favor of those fuels with the 625 F 
end point and 44-51 cetane index. 


3. Best fuel economy at full-throttle operation, as 
with maximum horsepower, was obtained with the 
poorest quality fuel. The same remarks concerning 
the use of such a fuel to obtain maximum horse- 
power apply also in trying to obtain maximum full- 
throttle economy. It would appear that fuels of 
44-51 or 52 cetane index and 625 F end point give 
the best practical full-throttle economy. It also ap- 
pears that optimum part-throttle economy can be 
obtained with fuels of 44-51 cetane index and with 
a 625 F end point. 

Thus, to put it briefly, gravity or Btu’s per gallon, 
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cetane index, volatility, and viscosity apparently 
have an effect on fuel economy. It is quite possible 
that a formula using these characteristics, and also 
perhaps utilizing the aniline point, could be devised 
by which operators could determine, from physical 
inspection of the fuels, which would give the best 
economy both at full and part throttle. 


4. Exhaust smoke: The lower the cetane index and 
the lower the volatility of the fuel, the greater the 
tendency to increase the degree of smoke intensity, 
except that cracked stocks of similar volatility give 
smoke intensity in excess of their apparent physical 
characteristics. Exhaust smoke has been shown to 
increase with the amount of fuel injected, based on 
tests using various sizes of injectors but regardless 
of the characteristics of the fuel and the amount of 
fuel injected, smoke intensity begins to start accel- 
erating between 600 and 625 F end point. It further 
appears that the use of a cetane-number improver 
does not improve smoke characteristics but, on the 


contrary, seems to degrade these characteristics to 
some small extent. 


These test results were obtained with a GM coach 
powered by a Detroit Diesel model 6-71 rebuilt en- 
gine. Twenty-seven test fuels were used, 25 were 
straight-run and two were 100% catalytically 
cracked fuels. Cetane number ranged from 34 to 65. 
A cetane improver was added to one group of fuels. 

Power and economy results were obtained by full- 
and part-throttle dynamometer tests at 45 mph. 
Acceleration tests were made on a level 4- and 
6-lane highway outside the city limits. An accel- 
erometer was used to measure acceleration. A tape- 
recording smoke-meter was used to give a smoke 
trace for each test. 

(Paper, “Some Fuel Characteristics which affect 
Diesel-Engine Economy” on which this abridgment 
is based is available in full in multilith form from 
SAE Special Publications, 485 Lexington Ave., New 
York 17, N. Y. Price: 35¢ to members; 60¢ to non- 
members.) 


Aircraft Instrument Panels... 


. coated with epoxy resin and edge-lighted, increase image legibility and resist 
scratches, discoloring, delamination, and damage from cleaning solvents. 


Based 


N improved method of applying epoxy resins to 
edge-lighted aircraft instrument panels has been 
developed by the Naval Bureau of Aeronautics. The 
new process facilitates sharper reproduction of 
white show-through images on a black background. 
It increases resistance to scratching, allows clean- 
ing of panel with solvents without damage to panel 
images, and prevents discoloring of white images 
and delamination. 

Specific advantages of manufacturing epoxy- 
resin-coated edge-lighted panels are as follows: 

Six- or eight-point lower-case condensed italic 
lettering may now be used. Previously, sharp cor- 
ners and thin lines were difficult to obtain. It was 
impractical to produce clear registration in smaller 
than 12-point capitals. Screening of a repellent 
through metal mesh limited reduction possibilities, 
making it difficult to reproduce 16-point lower-case 
closed shapes such as a, g, m, and zZ. 

Fewer critical operations are required to apply the 
the image properly. A single piece of artwork is 
adequate for producing satisfactory images by a 
spray-through-screen technique. Previously, panel 
images were obtained by the questionable use of the 
reverse image. They were often the product of 
photographic or screened images overlayed with a 
clear vinyl laminate which tended to yellow under 
humid conditions, or when exposed to ultra-violet 
rays. At times, inefficient machining operations 
were used to apply images. 

The repellent recommended for maintaining the 
white panel image is Cat-L-Ink Resist 50-115. It 
prevents adhesion of the black-pigmented epoxy- 
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resin top coat to the white image area. A product 
of the Warnow Process Paint Co., Cat-L-Ink permits 
direct screening of image. 

Mesh marks no longer exist to cause irregular or 
deceptive line widths. The use of 200-250 mesh 
metal screens is recommended to insure thicker 
deposits and better curing for higher durability. 


Epoxy Resin and Repellent Application 


Application of epoxy-resins and repellent to the 
panel involves the following main steps. (1) Clean 
panel properly. (2) Apply flat white-pigmented 
epoxy resin to all surfaces of panel, then cure. (3) 
Screen repellent through metal mesh to area where 
image is to be maintained. (4) Apply black-pig- 
mented epoxy-resin top coat to all surfaces of the 
panel. (5) Repeat steps 2 and 3 if desired or as 
needed. (6) Develop white image by submersion of 
panel in aliphatic naphtha. 


Passing of Qualification Test Anticipated 


Qualification test panels covering the procedures 
outlined above have not yet been prepared for the 
National Bureau of Standards because of the limited 
time since development of the repellent described. 
But no essential change has been made in the ma- 
terials composing the finished panel since a similar 
previous report was submitted in January 1956, so 
qualification is anticipated. 

(This abridgment is based on a talk given at a 
Plastic Lighting Panels and Dials Committee meet- 
ing of SAE’s Special Aircraft Projects Division.) 
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ORION 


Gas-Generator Turbocompound Engine 


Provided Unusual Development Problems 


Excerpts from paper by Ralph J. Hooker, General Electric Co. 


HE ORION is an entirely new powerplant. Thus 

it is no wonder that its development presented 
the engineers with many unusual problems to solve. 
Only a few will be discussed here. These are con- 
cerned with: 


1. Cooling of cylinders and exhaust port bridges. 
2. Cylinder design. 

3. Piston design. 

4. Fuel-injection system. 


Cooling 


With the specification of aircooling it was con- 
sidered worth while, in the light of reliability and 
life, to use a larger percentage of “pneumatic” 
transmission and reduce the bmep. (To balance 
the engine and compressor power a higher bmep is 
required with fan cooling.) In addition, if the heat 
picked up by the cooling air could be made to do 
work on the turbine blades, then a certain credit 
could be given to the heat balance over the engine. 
This is the regenerative cooling idea; the heat 
picked up from the cylinder walls just about bal- 
ances out the losses in pressure drop through the 
fins. 

Because cylinder cooling was such a controversial 
question several tests were made to verify the heat- 
transfer calculations as well as to measure the pres- 
sure drop and to demonstrate the streamline pat- 
tern. 

The next area that was considered vital to the 
life expectancy of the engine, due to high tempera- 
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ture, was the exhaust port bridge. These tempera- 
tures tested out at about 500 F. To have an alter- 
nate, various cooling schemes were laid out and 
several were tested on a single-cylinder engine. In 
one of the first successful schemes air was blown 
into the port cavity through the small drilled holes. 
The air displaced the hot gas from contacting the 
port walls as well as absorbing heat from the port 
and cylinder wall. When the engines first started, 
the fuel consumption and the exhaust temperatures 
were high. As a consequence, the port temperatures 
were also high, which was of some concern. How- 


Fig. 1—Port and fin design finally adopted. 
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Fig. 2—Tangentially ported all-steel cylinder, which proved to be best port design. 


ever, as soon as the sfc began to improve, the bridge 
temperature also came down, with the result that 
this cooling method was discarded. The port and 
fin design adopted as final is shown in Fig. 1. 


Cylinder Design 
The first cylinder designed was a one-piece steel 


sleeve with shrunk-on cooling fins. The scavenge 
ports were drilled for a double swirl. 

It was immediately apparent that the one-piece 
cylinder was too costly for our development pro- 
grams. Therefore, to increase the availability and 
reduce the cost, a 3-piece construction was de- 
veloped. In this cylinder an Al-Fin muff was cast 
onto the cylinder sleeve and the fins were then 
milled into it The fin spacing is 0.145-in. pitch x 
0.050-in. fin thickness. The two end pieces, that is, 
scavenge and exhaust halves, were shrunk into the 
center finned section, which is made of beryllium 
copper. This material was chosen because of its 
high-temperature strength and excellent heat- 
transfer qualities. The fin spacing is 0.100-in. 
pitch x 0.040-in. fin thickness. The three pieces were 
bolted together by the slender tie-rods made from 
bicycle spoke material. The shrink forces were suffi- 
cient to hold the cylinder together, but the tie-rods 
were an additional safety measure. All of the early 
cylinders were porous chrome plated until the all- 
steel and the ductile iron cylinders were made. 

The double swirl was not satisfactory as far as 
combustion or pressure drop was concerned. The 
next port drilling was for the single swirl and other 
variants. These port designs were a big improve- 
ment over previous ones. 
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The Al-Finned cylinders with porous-chrome- 
plated bores were requiring too long a time to man- 
ufacture. It was decided to investigate the all-steel 
cylinder, made of 4140 steel and heat-treated to 
R, 35. This design was of the same essential dimen- 
sions as the Al-Finned cylinder, except that the fins 
were milled from the solid steel. The earlier cylin- 
ders did not have bridge cooling. However, exhaust 
port bridge cooling was of great concern, so a spe- 
cial cylinder with cooling fins on the port bridges 
was made. The exhaust port bridge temperatures 
were not as high as expected and consequently this 
cylinder was never run. 

Tests demonstrated that the engine needed two 
things: first, single swirl and secondly, low pressure 
drop. Consequently, the next cylinder design was 
a tangentially ported all-steel cylinder, as shown in 
Fig. 2. This proved to be the best port design, there- 
fore other methods of manufacture could now be 
devised. 

Since the beginning of the 3-piece cylinder design 
it was a continued hope that its cost and procure- 
ment time could be reduced. 

Before the acceptance of the tangential ports, the 
next step was to investigate a cast cylinder. After 
much investigation, the Howard Foundry in Chicago 
was found to be sympathetic to the idea of trying 
to cast a completely finned half cylinder of ductile 
iron. The assembled cylinder is shown in Fig. 3. 
These same cylinders were later “honey chromed,” 
as shown in Fig. 4. 

A uniflow-cooled cylinder was built and tested. 
In addition, it was a radially ported cylinder for in- 
vestigating the “squish swirl’ piston effect on com- 
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bustion. While the combination of this “squish 
swirl” piston and cylinder was nothing to be en- 
thused over, it nevertheless seems to have a poten- 
tial that is worth while in reducing the cylinder port 
drop for a compound type of engine. This cylinder 
and matching piston were run just once because the 
project was finished before it was again available 
for test. 

As the testing continued, it was evident that the 
Orion cycle could be much improved if it was possi- 
ble to redesign the engine and combine, in one cylin- 
der, the following items: 


1. Increase the air-fuel ratio in the cylinder. 

2. Decrease the port drop across the cylinder. 

3. Combine the combustion air and the cooling 
air compressor, thereby saving high-speed bearings 
and gears. 


Tests of ported cylinders showed that it is possible 
to get very low pressure drop of the combustion air 


HE ORION is a gas-generator turbocompound 

engine of unusually high power-volume ratio. 

It was developed for tanks and other track ve- 
hicles of the Army Ordnance. 


It consists of a supercharged, regenerative air- 
cooled, 2-stroke opposed-piston diesel engine driv- 
ing two centrifugal compressors. One of these com- 
pressors is for combustion air with fine air filtra- 
tion, while the other is for cylinder cooling with 
much less filtration. 


The cylinder is cooled with air at nearly the su- 
percharge level and at an equivalent temperature 
because this air later does work on the turbine. 


The two airstreams join in a plenum chamber 
downstream from the engine and the mixture tem- 
perature is about 500 F. This hot gas stream then 
goes to the power turbine, which is mechanically 
free of the gas generator. The turbine, which is the 
source of power, provides 600 shp. 


The engine forms a rectangular package 35 in. 
high, 47 in. wide, and 67 in. long. It consists of two 
rows of three horizontal cylinders each (bore 4% 
in. and stroke 5% <2 in.), with four 3-throw crank- 
shafts all geared together. On one end are the 
two centrifugal compressors. These are driven 
from the gear train that ties all four crankshafts 
together. On the opposite end of the engine is the 
power turbine. 


Since the drawing was made, the two fuel nozzles 
shown extending at an angle to each other from 
the center of each cylinder have been replaced by 
a Single nozzle. Thus, the six fuel pump discharge 
fittings have been reduced to three. 


The exhaust ports are at the right-hand end of 
the upper row, but at the left-hand end of the lower 
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Orion Engine Features High Power Density” 
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across the cylinder liner. One cylinder liner, for 
example, gave an equivalent pressure drop of 2.6 
psi. Moving the ports 0.3 in. toward the center of 
the cylinder gave the equivalent pressure drop of 
1.5 psi. Since the pressure drop across the fins is 
approximately 1 psi, it is possible, by introducing a 
resistance in the flow through the fins, to have the 
same pressure drop in the cooling and combustion 
air circuits. The design of the 6-cyl engine then 
becomes much simpler, for there is only one com- 
pressor (saving one impeller and corresponding 
gearing) and one air path. It is, therefore, possible 
in the same engine frame to increase the cylinder 
diameter by 20%. In addition, the parasitic pres- 
sure drop between the cooling air compressor and 
the cooling fins is eliminated. 

Since the change from double-flow to uniflow 
cooling allowed a larger diameter, a cylinder was 
designed to reduce the pressure drop to a minimum. 
The bore diameter was increased from 4.25 to 4.75 


row. This cylinder arrangement assures a more 
even temperature distribution and reduced frame 
distortion. 


Development work on the Orion project started 
in June, 1950, and was actively being pursued, when 
orders were received to cancel all outstanding work 
and complete the project on Dec. 15, 1955. 


Actually, the Orion project consisted of a series 
of engines—three small experimental engines 
named Alpha, Beta, and Gamma, and two full-sized 
engines named Rigel I and Rigel I. 


The accompanying story tells how some of the 
more important problems met during the develop- 
ment work were solved. 
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Fig. 3—Assembled cylinder consisting of two cast completely finned 
half cylinders of ductile iron. 


Fig. 4—Cylinder of type shown in Fig. 3 was later “honey chromed,” 
as shown above. 


Fig. 5—Uniflow cooling allowed cylinder design with greatly enlarged 
ports 


This 


in. (that is, 25% increase in the piston area). 
permitted the design of much larger ports, as pic- 


tured in Fig. 5. Based on previous tests the pres- 
sure drop of the combustion air across this cylinder 
should have been 1.3 psi (at a flow of 0.53 lb-sec"! 
air) with pear-shaped pistons or 0.8 psi with flat 
pistons. This cylinder was ready for testing early 
in March, 1955, when the decision was made to stop 
all long-range programs. A special feature of this 
4.75-in. bore cylinder is that part of the combustion 
pressure is carried by the fins to the muff around 
them acting like ribs to carry the firing load from 
the thin cylinder to the stronger muff. This was 
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done to keep the liner thickness to a minimum and 
obtain lower cylinder temperatures. 


Piston Design 


The piston history followed pretty much the same 
development pattern as the cylinders. To match 
the original double-swirl cylinder, a flat-top piston 
was made (see part 1 in Fig. 6). This piston was 
an all-steel, copper-brazed construction with an 
Al-Fin muff on the skirt. All of the Orion pistons 
were oil cooled using the “cocktail shaker” principle. 
While the fuel consumption with this combustion- 
chamber shape was poor, the piston ran very well 
in regard to life and strength. 

The next piston design was of the same general 
Style except that the crown was a ‘Mexican hat” 
(see part 2 in Fig. 6), and made for concentrating 
the air closer about the fuel nozzle spray. This 
crown was used with the single-swirl cylinders and 
was somewhat better in sfc. 

The final piston design, after several modifica- 
tions, was the “pear-shaped” combustion chamber 
(see part 3 in Fig. 6). The geometry of this “pear 
shape” could be formed by a ball end milling cut- 
ter feeding in at about 35 deg to the plane of a 
diameter. Prior to the “pear-shaped” piston a sep- 
arate aluminum piston skirt design had been com- 
pleted and was in use. This skirt permitted inter- 
changeability with other crown designs as well as 
with new wristpin holders. 

The “pear shaped” combustion chamber was a 
marked success from the very beginning. It ac- 
complished several things: first, it permitted the 
use of one injection nozzle, which had been bench 
tested and developed concurrent with the pistons 
and cylinder; second, it tended to reduce the heat 
rejection through the cylinder wall by covering up 
the exposed wall; third, it concentrated the air 
around the fuel spray and made it theoretically 
feasible to try to increase the equivalent orifice 
area through the cylinder and added “squish” to 
the combustion air. By properly designing for 
“squish-swirl,” it was felt that it would be theoreti- 
cally feasible to increase the equivalent orifice area 
through the cylinder, by using radial ports, rather 
than the tangential ports. 

The next revision was a modification converting 
the “pear” to a “spherical” cavity that could be 
turned on a lathe (see part 4 of Fig. 6). These piston 
crowns were used in cylinders having a very strong 
tangential swirl. All of these crowns were machined 
from low carbon steel and consequently were not 
corrosion or high-temperature resistant. With en- 
gine performance improving, running time was get- 
ting longer, so that burning of the piston’s “pear” 
and “sphere” edges at the nozzle openings was ap- 
pearing, mostly on the exhaust piston. Rather than 
make stainless-steel crowns, two ways were tried to 
reduce the burning; one was to chrome plate the 
crown above the ring belt and the other was to 
chromallize the surface above the top piston ring. 
While chrome plating was easy and cheap to apply 
and helped to demonstrate a cure, it would not stand 
up under the high-temperature gradients. The 
bond strength would fail and allow the plating to 
peel off. The chromallized process is a metallurgical 
addition of chrome to the skin for a depth of about 
0.0015 in. This proved to be a cure for the burning, 
as demonstrated by over 100 hr of operation. In- 
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cidentally, the carbon could be wiped off easily, 
leaving a smooth, brownish appearance to the crown. 


One area of burning started at the channel for 
the nozzle spray. It was reasoned that, since the 
top edge of the crown opened the exhaust ports 
for blowdown, the channel for the nozzle spray of 
the “pear,” being nearly as wide as the port land, 
would pre-open the port, allowing a much longer 
time for the hot gas to blow across the channel edge. 
It would at least contribute to the burning rather 
than the opposite effect. In order to reduce this 
pre-opening effect, a set of pistons was made with- 
out a channel and tested. The results were poor but 
by progressively hand filing a channel in the crown 
it was possible to demonstrate that only about one- 
half the opening originally provided was required 
(see part 5 in Fig. 6). 

It was recognized that the reduction of scavenge 
port drop might be accomplished if it was possible 
to develop a “mechanical squish swirl” piston that 
would create the necessary turbulence as the pistons 
approached inner volume dead center. Accordingly, 
two basic crown designs were constructed. One was 
a spherical cavity crown with the swirl lips oriented 
to produce a swirl about the axis of the fuel nozzle 
spray. This piston is shown in Fig. 7. The second 
piston crown was a “cylindrical” cavity with the 
swirl lips also producing a swirl velocity about the 
axis of the nozzle (two nozzles could be used with 
this crown). Both of these piston crowns and swirl 
lips were of the same orientation so that two of the 
same part number made a complete combustion cav- 
ity. The third modification was similar to the first 
spherical cavity crown except that the swirl lips 
were turned 90 deg to enable the swirl to cross the 
fuel spray. 

Of these pistons, only the first spherical cavity 
was ever used in an engine. The swirl lips were 
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only about half the height shown, and while there 
was an improvement in the sfc when used in a 
tangentially ported cylinder, it was marginal. The 
lips were doubled in height by welding, but the proj- 
ect ended before they could be retested in the single- 
cylinder engines. 


Fuel Injection 


During the initial developmental testing of the 
Orion, it became evident that a broad investigation 
of fuel-injection systems was warranted to attempt 
to establish high engine performance with a single 
fuel injection nozzle. This discussion constitutes a 
memorandum of the design of one of the most satis- 
factory systems derived—the accumulator nozzle 
system. 

The objectives of this design study were: 


1. To reduce the duration of fuel injection into 
the cylinder for a given quantity of fuel. 

2. To isolate from the injection process, the in- 
fluence of the volume of tube between pump and 
nozzle. 

3. To increase the fuel pressure, on which control 
of injection is dependent, without overloading the 
pump drive mechanism. 

4. To increase initial fuel-flow rate so that a 
greater per cent of fuel might be burned at a con- 
stant combustion-chamber volume. 

5. Eliminate pump delivery valves. 

6. Use an eccentric cam. 

7. Extend the pumping over a larger camshaft 
angle. 

8. Eliminate the need for a leak-off line. 

9. Use somewhat smaller injection tubes—since 
the charging rate is much reduced. 


The principle of the accumulator system is that 
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Fig. 6—Some of the many designs of piston tried during development stage. 





Fig. 7—Piston having spherical cavity crown with swirl lips oriented to 
produce swirl about axis of fuel nozzle spray. 





Total 
Stroke 


Fig. 9—Exploded view of accumulator nozzle. 


the stored energy in the compressed fuel provides 
the potential energy for injecting the fuel into the 
combustion chamber. The method of operation can 
be deduced from Fig. 8 As the pump plunger 
reciprocates through the total stroke as indicated, 
the helix at the top of the plunger will cover the fill- 
ing line hole, trapping a volume of fuel. The 
trapped volume of fuel is a function of the angular 
position of the helix. As the plunger continues to 
lift, the fuel is pumped through the injection line 
into the nozzle body. Pumping continues until the 
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spill edge at the bottom of the plunger matches the 
spill hole as shown, at which time the pressure is 
relieved in the plunger-barrel volume and the in- 
jection line. 

Initially, spring S holds the needle on its seat at 
the nozzle tip, and the cuff on its seat at the nozzle 
top. When pumping starts, the cuff is lifted from 
its seat and fuel flows into the nozzle body; and in 
accordance with the compressibility, the pressure 
of the fuel within the nozzle is increased. When 
fuel delivery is interrupted by spilling of the injec- 
tion line, the cuff returns to its seat, retaining the 
pressure within the nozzle. Since the fuel pressure 
(P,,) times the area (A, minus A,) is greater than 
the spring force (S), the needle is thereby forced 
upward, opening the spray orifice for the injection 
of the fuel. 

Flow continues until the pressure within the noz- 
zle body is less than that required to overcome the 
spring force, at which time the needle closes. The 
cycle is then complete and ready to be repeated. 

While the quantity per injection is a function of 
the plunger angular position as stated above, the 
beginning of injection is controlled by the position 
of the “spill edge” on the plunger. An exploded view 
of the accumulator nozzle is shown in Fig. 9. 

The objectives listed previously were real and 
each was obtained. There is only one critical di- 
mension that has to be closely controlled—the lift 
of the needle. The peak injection pressure used was 
about 14,000 psi, but pressures well over 20,000 
psi have been tested. When the spill edge of the 
plunger dumps the line, a “sledge hammer” blow 
accelerates the needle opening to the extent that, 
if the lift is too large, the resulting velocity of the 
needle will hammer it to pieces when it strikes the 


stop. To prevent this, the lift was limited to 0.009 
in. on the subject design. 

The fit between the upper needle diameter and the 
cuff were at first of very high quality, approaching 


that of the Bosch-type needle fit. This was con- 
sidered necessary to assure good results on the first 
attempt. As the development continued, the needle- 
cuff fit was progressively opened up in increments 
of 0.0002 in. and tested after each step. At the 
speeds of our operation this clearance could be 
opened up to 0.0006 in. without affecting the noz- 
zle’s performance. Therefore, it can be stated that 
this nozzle design does not require the preciseness 
of quality control that other nozzles need. These 
nozzles have been operated on all 14 cylinders of the 
Orion project for several hundreds of nozzle hours. 

At first the nozzle holes were very carefully placed 
and controlled, but with the final success of the 
combination of cylinder, “pear” or “spherically” 
shaped combustion chamber and the accumulator 
nozzle, the nozzle holes became fire hoses in effect. 
The nozzle now has one 0.043-in. diameter hole and 
it can be drilled on almost any machine tool. This 
philosophy has been shown to be correct many 
times; when the proper answers are known then al- 
most anything will work. The Orion combustion 
system definitely does work. 

(Paper, “Orion—a Gas-Generator Turbocompound 
Engine,” on which this abridgment is based is avail- 
able in full in multilith form from SAE Special 
Publications Department, 485 Lexington Ave., New 
York 17, N. Y. Price: 35¢ to members; 60¢ to non- 
members.) 
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Boeing 502-10C Gas Turbine 


... has more power, less fuel 
consumption than predecessors. 


Based on paper by Wallace E. Skidmore, Boeing Airplane Co 


ATEST in the family of Boeing small gas turbines 
is the model 502-10C. It delivers 240 hp and its 
fuel consumption is 1.0 lb per hp-hr. Weight of the 
complete engine is 320 lb. Boeing considers it a 
contender for powering small aircraft, boats, trucks, 
buses, and compressors. 

Improvement in performance over previous mod- 
els was accomplished by increasing pressure ratio 
and increasing the diameters ef the turbine wheels. 
The present rating (240 hp corrected to 60 F stand- 
ard day) represents 30% increase in power for the 
same fuel flow and rotor speeds as the earlier mod- 
els. Performance characteristics are shown in Fig. 
1, while Fig. 2 shows a breakdown of the engine to 
illustrate component accessibility. 

The new 4.25/1 pressure ratio centrifugal com- 
pressor operates at 77% efficiency. The cast-alu- 
minum collector and diffuser sections were designed 
for minimum machining. Impeller and inducer are 
machined from 14 ST forgings and spline-connected 
to the rotor shaft. Precision castings or forgings 
eliminate machining of vanes and show promise for 
production use. Breakdown of separate inducer and 
impeller was found necessary to get the higher pres- 
sure ratio and increased efficiency. 

All burner details can be used interchangeably on 
left- or right-hand assemblies. A single clamp 
fastens the burner shell to the compressor adapter 
elbow, and the entire assembly is clamped to the 
compressor by means of a hollow strut which also 
admits fuel to the nozzles. Air seals for the burner 
shell connection are provided by O-rings. 

The turbine rotor is supported by three floating- 
type bearings, which allow detail parts to be com- 
ponent balanced and used interchangeably without 
assembly balance. This is possible because of the 
radial freedom of the rotor to spin about its mass 
center rather than its geometric center.. Elimina- 
tion of high-frequency rotor unbalance has put an 
end to sheet metal parts failures of burners, cross- 
fire tubes, brackets and heat shields. 

Turbine wheels are made by welding precision- 
cast blades to the hub. The shaft of the first-stage 
rotor is welded to the hub, and the second-stage 
shaft and wheel are assembled by shrinking the 
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parts together. By making the hub and shaft from 
an integral forging it is possible to eliminate the 
shaft joints. Both fir-tree and cast wheels have 
been studied and tested extensively and found to 
have merit as low-cost items. Automatic welding 
also is a cost-saving item. Experience leads us to 
believe the welded construction has a slight advan- 
tage in strength over fir-tree and cast construction. 

The lube and filter have been included in the ac- 
cessory section. All lines distributing and scaveng- 
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(COMPRESSOR RPM NOTED ON CURVES) 
Fig. 1—Typical performance characteristics of Boeing 502-10C gas tur- 
bine (corrected to 60 F standard day). 





ing oil throughout the engine have been incorpo- 
rated internally, adding greatly to both function 
and appearance of the engine. By placing the cooler 
in the scavenge pressure line, the possibility of high- 
pressure cooler failure has been eliminated. Rated 
lube pump capacity is 5 gpm. Lube pressure nor- 
mally varies from 10 psi at idle speeds to 30 psi at 
normal rated speed. Capacity of the oil sump is 
6 qt. Lubricating oil most commonly used for am- 
bient temperatures above freezing is SAE 10. For 
ambient temperatures as low as — 65 F, a low-viscos- 
ity synthetic oil is used. 

The power output section contains a reduction 
gear of the three countershaft compound type con- 
taining a reduction gear ratio of 8.9/1. By changing 
ratios of the secondary mesh only, it is possible to 
provide output speeds from 2000 to 5000 rpm. Pitch 
line velocity of the primary or high-speed mesh is 
10,000 fpm. AGMA methods of determining contact 
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Fig. 2—Component ac- 
cessibility of the 502- 
10C, newest of Boeing's 
small gas turbines, is 
shown by this engine 
breakdown. 





stresses have been used in the gear design. Long 
and short addendum system to balance beam 
strength between pinion and gear has been used to 
prevent scoring. 

Provisions have been made for three accessory 
drive assemblies on the reduction gear. These are 
installed when required. Exhaust collectors have 
been provided for single or double outlet stacks to 
satisfy the many installation requirements. A sub- 
stantial cost saving was made by providing a one- 
piece collector assembly and eliminating an axial 
split joint with bolted flange connections. Four 
thermocouples, connected in parallel, are included 
in the exhaust stacks to provide for accurate meas- 
urement of the average exhaust gas temperature. 

The speed control unit (developed by the Wood- 
ward Governor Co.) is shown in Fig. 3. All com- 
ponents, including the fuel pump, with integral ac- 
cessory drive gear, governor acceleration limiter and 


SAE JOURNAL 











fuel shutoff valve, are combined in one unit with 
internal fuel passages. There are no restrictions on 
the type of fuel used. A gear pump supplies fuel up 
to a maximum pressure of 750 psi. The flyball gov- 
ernor meters fuel to the nozzles in sufficient quan- 
tity to maintain the desired throttle settings. Ac- 
celeration speed is controlled by a limiter valve 
which regulates the maximum rate of fuel flow at 
any instant in proportion to the compressor air 
discharge pressure. Adjustments are provided for 
regulating starting fuel flow, idle speed, maximum 
speed, and acceleration rate. 

When output speed is required, a second governor 
of the speed-sensing servo type (containing a me- 
chanical link to the gas producer throttle arm) is 
installed on a reduction gear accessory drive. Con- 
trol is then accomplished by (1) operating the 
output speed governor throttle arm to maintain 
constant output speeds or (2) operating the gas 
producer throttle arm, in which case the output 
speed governor acts as an override only to limit 
output shaft top speed. 

The engine is started by an automatic control 
developed primarily to prevent operator errors and 
to avoid engine failures from a malfunctioning ig- 
nition system during the starting cycle. 

The system is simple and experience proves it to 
be highly reliable. Low battery, a malfunctioning 
starter or ignition system, one burner starts, or any 
other troubles which might cause delayed starts are 
prevented from damaging the engine. Automatic 
starting is standard on production engines. 

Additional safety devices for engine shutdown, 
such as a low oil pressure cutout, high oil tempera- 
ture cutout, high exhaust temperature cutout, and 
overspeed protection, have been found to complicate 
installations and cause endless trouble. Reliable, 
trouble-free components capable of withstanding 
abnormal operating conditions are necessary if 
safety devices are to be eliminated. And this is the 
philosophy behind the design of the engine. 

Efforts to reduce manufacturing costs are begin- 
ning to show results. Studies to determine the sell- 
ing price indicate the engine to be competitive with 
reciprocating engines if it is produced in like quan- 
tities. Manufacture at the rate of 50 engines a 
month reduces the unit cost to $7500. 


The 502 series engines have proved their service 
life to be superior to that of many reciprocating 
engines, and while the 502-10C engine is relatively 
new and experience is limited, the design incorpo- 
rates all the features of the earlier models. 

The gas turbine can be used to great advantage 
where full-throttle operation is required. Fig 4 
shows the engine prepared for turboprop installa- 
tion. It is mounted from the compressor end with 
double outlet exhaust collectors. Boats provide an- 
other ideal application. A propulsion package, cou- 
pled to a reverse gear, was recently delivered to the 
Creole Petroleum Co. Two such packages, each 
weighing about 550 lb, have been installed in a 40-ft 
supervisor’s speed launch for operation on Lake 
Maracaibo, South America. The package weight is 
approximately one-fifth that of a diesel. 

The small gas turbine is ideal for trucks and buses. 
As an example of compressor application, Fig. 5, 
shows a 502-11B air compressor using the 502-10C 
gas producer driving a single-stage compressor. 
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Fig. 3—Fuel system diagram, indicating components and path of fuel 
flow incorporated in governor control unit. All components, including 


fuel pump, with integral accessory drive gear, governor acceleration 
limiter and fuel shutoff valve, are combined in one unit with internal 
Type of fuel used with this system is unrestricted. 


fuel passages. 





Fig. 4—Boeing 502-10C mounted from compressor end, with inverted 
exhaust collector, for turboprop installation. 





Fig. 5—Boeing 502-11B air compressor engine comprises 502-10C gas 
producer driving a single-stage compressor. 


(Paper, “Evolution of a Gas Turbine,” on which 
this abridgment is based, is available in full, in mul- 
tilith form from SAE Special Publications, 485 Lex- 
ington Avenue, New York 17, N. Y. Price: 35¢ to 
members; 60¢ to nonmembers.) 




























































Practical research opens... 


New Possibilities 


XCITING new production processes and tech- 

niques are being developed through “practical” 
research by the Process Development Section of GM. 
Objectives of this program are: 


1. Reducing costs. 
2. Improving labor utilization. 
3. Improving product quality. 


This article discusses some of the developments 
of the research program and may provide some in- 
dication as to what the future holds for production. 

One of the major ways to reduce product cost is 
through better material utilization. And probably 
one of the most interesting fields for the saving of 
material is in the cold extrusion of metal. The 
major advantages of this process include: 


1. Reduced material usage. 

2. Lower-cost material. 

3. Improved physical properties. 
4. Reduced machining. 

5. Improved finishes. 


6. Closer tolerances. 
Work in this field at the GM Technical Center 
has been limited to relatively small parts, as the 


largest press included in the facilities has a capacity 
of 600 tons. Even so, experience has proven the 


Fig. 1—Typical parts made by the cold extrusion process. 
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great potential of the process. Fig. 1 shows some 
typical parts made by cold extrusion. 

The development of new metal-coating materials 
and processes also promises future material-savings 
possibilities. In many cases where high-cost mate- 
rials are required because of surface characteristics 
only, new coating processes have permitted the sub- 
stitution of low-cost base materials. And, corrosion 
resistance, wear resistance, heat resistance, and 
other properties can often be more adequately pro- 
vided than through the use of alloys and at less cost. 

The jet-engine turbine wheel shown in Fig. 2 
formerly was made of stainless steel which was ex- 
tremely difficult to machine. Now the use of elec- 
troless nickel plating, which permits a uniform de- 
posit over all surfaces, has permitted changing to 
a low carbon steel. 

Ceramics, carbides, molybdenum, and many other 
coatings now available—and others being perfected 
—will prompt a host of new applications in this 
field 

The direct conversion of steel machining chips 
into parts is another process which has been im- 
proved to the point where it has great potential for 
future material savings. Techniques have been de- 
veloped which make this a relatively simple process 
and the continued rise of steel prices make the eco- 
nomics of the process even more favorable. The 
physical properties of parts made from steel chips 
closely approach those made from mill-processed 
steel. 

Another recent development which excites the 
imagination because of its potential industrial ap- 
plication is the use of metal adhesives. While they 
may not completely replace conventional joining 
processes such as brazing, soldering, and welding, 
they should find wide application. Use of metal 
adhesives in the assembly of aluminum die cast- 
ings, in the application of metal body trim, and in 
many other manufacturing tasks will challenge the 
ingenuity of engineers for some time to come. 


Improving Labor Utilization 


Probably the greatest immediate opportunity to 
improve labor utilization lies in using modern meth- 
ods-engineering techniques and procedures to in- 
sure that even the smallest increments of expended 
effort are productive. Capitalizing on this oppor- 
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for Production 


tunity requires that as much careful study be given 
to the manual portion of a job as is usually given 
to the mechanical portion. 

At GM, the largest single group in the direct labor 
force is employed on assembly work. This is an 
area that has been traditionally manual and offers 
great potential for continual improvement through 
the application of methods engineering. Aside from 
this point, however, much is being accomplished in 
the development of mechanical assembly equip- 
ment. One GM division alone has over 100 semi- 
automatic assembly machines in operation at the 
present time. 

Probably the greatest limiting factor to the use 
of such equipment is economic. Assembly equip- 
ment is quite expensive because presently there are 
only a few standard equipment answers to assembly 
problems. Most assembly equipment must be de- 
signed and developed to suit a specific situation. 
However, as the demand for assembly equipment in- 
creases, we can look forward to the development 
of “off-the-shelf” items which can be placed to- 
gether readily and thereby perform the assembly 
function. This should materially reduce the cost 
of such equipment and thus provide a much wider 
application for its use. 

AC Spark Plug Division uses an assembly machine 
to assemble the various components of a spark plug. 
The only manual operation involved with this 
equipment is the loading of the insulator assembly. 
Fragility of this vital part dictates the use of man- 
ual-assembly means. 

Oldsmobile’s Head-Assembly Machine is 137 ft 
long and assembles the 73 parts required on an 
Oldsmobile cylinder head. It operates at a rate of 
400 complete assemblies per hour. Operating at 
this rate the machine assembles a total of 29,600 
separate pieces each hour. 

Another area of great potential improvement is 
that of material handling. While the improvement 
possibilities in this area may not seem as obvious 
as in some other, nevertheless, much progress is 
being made. The integration of equipment with 
simple material-handling devices to provide contin- 
uous flow processing is being widely adopted where 
product uniformity will permit. The use of new 
power-and-free type conveyors will continue to find 
greater application if their cost can be reduced. 
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Further, the use of electronic computers in the con- 
trol of production logistics offers tremendous oppor- 
tunity for improvement in material handling. 


Improving Product Quality 


The objective of product-quality improvement is 
one of ever increasing importance to manufacturers 
and it is in this field that we see many applications 
of new discoveries of science. 

Development in the field of electronics have pro- 
vided us with many new inspection tools that are 
contributing importantly to improved quality. The 
use of automatic feedback control with continuous 
automatic gaging systems, for example, have con- 
siderably improved the tolerances possible with 
modern grinding machines. Gaging circuits may 
now be developed which will do the same for ma- 
chines using single point tools and, in addition to 
policing of size limits, will also indicate tool trends 
and, in many cases, anticipate cutting tool failure 
prior to the making of a faulty piece. 

Other applications of electronics and related 
techniques are equally exciting. The measurement 
of vibration, or noise, in such items as ball bearings, 
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Fig. 2—This jet-engine turbine wheel formerly was made of stainless 
steel which was very difficult to machine. Now the use of electroless 
nickel plating permits making this wheel of low-carbon steel. 
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Brazing 
Adhesive Bonding 
Resistance Welding 


3 Joining Methods 
for High-Temperature 


IGH-temperature sandwich construction finds in- 
creasing application in today’s aircraft due to its 
light weight and good strength-to-weight ratio. 
Methods commonly used for attaching the airplane 
skin to the honeycomb core include: 


1. Brazing. 
2. Adhesive Bonding. 
3. Resistance Welding. 


As aircraft speeds increase, so do temperature, 
weight, and strength problems increase. At Mach 2 
and 80,000 ft, temperatures of approximately 250 F 
are encountered, while at Mach 3 they have nearly 
tripled to 650 F. 

Titanium and steel provide sufficient strength at 
these elevated temperatures and thus have found 
increasing acceptance. But these materials are 
heavy. Sandwich construction, however, permits 
using extremely light gages and provides the con- 
tinuous support needed to assure stability. 


Brazing 


Stainless-steel honeycomb sandwich is being 
brazed because it appears to be the best means of 
construction available at this time. Brazed con- 
struction has better strength-temperature proper- 
ties than adhesive bonded construction and is more 
adaptable than welded construction to the honey- 
comb configuration. Operational temperature re- 
quirements for various components of airframes and 
aircraft engines already exceed the limits of adhe- 
sive materials, and temperature requirements are 
expected to continue increasing. 

Brazing not only meets these increased opera- 
tional temperature requirements, but also makes 
possible joints of high strengths between widely dis- 
similar metal thicknesses, such as are encountered 
in adapting honeycomb construction to aircraft 
parts. Joint types include: T joints, such as in core 
to face sheets and core to flanges; and lap joints, 
such as occur in edge members and stiffeners. 

An effective method of applying the braze mate- 
rial to the joint areas is to place the braze material 
in sheet form between surfaces to be joined. This 
might not appear to be most efficient from the 
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standpoint of minimum use of braze in the honey- 
comb-attachment areas, however, the capillary ef- 
fect of the braze to the side-wall of the honeycomb 
when proper temperature, process control, and 
braze alloy are utilized results in a minimum 
braze weight versus core to face sheet bond strength. 

Selection of the brazing alloy for honeycomb- 
steel-sandwich construction requires careful con- 
sideration of the following factors: 


@ The filler metal should be stable throughout the 
required operational temperature range. That is, 
it must retain adequate mechanical properties and 
not oxidize or corrode. It is preferable that the 
melting and brazing temperature of the filler metal 
be above or at least as high as the heat-treating 
temperature required for hardening the parent 
metal. 


@ The corrosion and oxidation resistance of the filler 
alloy should be adequate to meet the environmental 
life required for the completed part. Corrosion of 
the filler metal can result in complete failure of 
the sandwich at very low loads. 


@ The sandwich parts should be protected during 
brazing. Various fluxes are used. These usually 
contain materials such as borax, boron trifluoride, 
sodium borofluoride, sodium fluoride, or lithium flu- 
oride. In recent years, fluxes have been replaced to 
some extent by furnace atmosphere. However, braz- 
ing fluxes, at times, are used in conjunction with 
furnace atmospheres to improve the flow of filler 
metal. 

Convair’s supersonic B-58 is the first production 
aircraft to utilize brazed-stainless-steel sandwich as 
primary structure. The basic material making up 
the sandwich (17-7 precipitation-hardening stainless 
steel) retains good mechanical properties at ele- 
vated temperatures. When properly incorporated in 
a sandwich configuration of optimum design, it has 
a comparatively high strength-to-weight ratio in 
the temperature range of 600-900 F. 

The honeycomb core provides complete stabiliza- 
tion of thin facings, and effectively eliminates the 
heat sinks and thermal buckling normally asso- 
ciated with high operating temperatures. This re- 
sults in an extremely smooth aerodynamic surface. 
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Sandwich Construction 


In addition, tests have shown that under extreme 
conditions of heat, vibration, and sound, this type of 
construction has excellent fatigue characteristics. 

The brazing alloy used on the B-58 is 85% silver 
and 15% manganese. Tests have shown this alloy 
to be adequate up to approximately 900 F for short 
time exposures. Lap shear tests have shown that 
this alloy may be worked to 19,600 psi at room tem- 
perature and to 12,000 psi for short time exposure at 
900 F. To demonstrate the elevated temperature 
properties of this alloy, two 12x24 in. sandwich 
panels were exposed to a temperature of 900 F. 
Temperature was maintained at this level while each 
panel was loaded from 5000-50,000 psi in axial com- 
pression 100 times. After the one-hundredth load- 
ing, with the temperature still at 900 F, the panels 
were loaded to failure. The failing stress in each 
case exceeded 100,000 psi. A third panel was flash 
heated to 1100 F at a rate of approximately 30F per 
sec. This panel warped visibly during heating, then 
straightened as it cooled. It was then tested in ax- 
ial compression, and failed above 150,000 psi, which 
indicated that the brazed joints had been unaffected 
by the elevated temperature. 


Adhesive Bonding 


Adhesive bonding is an interim step in the transi- 
tion to the ultimate in metal-to-metal joining for 
high-temperature sandwich construction. And, in 
consideration of the maximum requirements im- 
posed on sandwich structures in high-speed aircraft, 
as envisioned in the clearly foreseeable future, it is 
limited. 

But adhesive bonding appears to be the first logi- 
cal step in the transition from low- to high-tem- 
perature-performance sandwich construction. Ex- 
perience proves it an economical method of con- 
struction. Reliability stands high in the list of at- 
tributes of this manufacturing process, for there is 
no known record of a service failure of an adhesive- 
bonded structure. In addition, established and 
proved design concepts will not require a major 
overhaul to adapt them to the production of aircraft 
for high-temperature performance. 

Effort and experience in the development of 
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bonded structures for high-temperature perform- 
ance has centered in the use of the epoxide-phe- 
nolic-type adhesive. This type of adhesive, in film 
and liquid form, however, is subject to progressive 
curing upon exposure to normal ambient tempera- 
tures and, therefore, requires refrigeration to obtain 
the maximum shelf life and to retain the properties 
which are necessary for subsequent application in 
the bonding process. 

Time is a most important factor, and this presents 
a scheduling problem to insure that the established 
limitations on exposure of the adhesive to room 
temperature prior to bonding are complied with. 
This problem can be minimized by providing tem- 
perature and humidity control in the layup area 
prior to bonding. 

As with bonding aluminum structures, tolerances 
of details must be held to the same close limitations 
for steel to insure proper mating of the bonded as- 
sembly, so that dimensional as well as physical qual- 
ity is embodied in the finished product. 

Experience has shown that the recognized stand- 
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ard production types of bonding equipment and 
tools are generally adaptable for producing sand- 
wich structures for high-temperature applications. 
However, specific consideration must be given to the 
inherent characteristics of the materials incorpo- 
rated in the bonded structure and in the bonding 
process requirements imposed by the epoxide-phe- 
nolic-type adhesive. 

The coefficient of expansion of steel components 
may well dictate the more extensive use of steel- 
bonding fixtures, although through proper design 
considerations, aluminum tools will perform satis- 
factorily in many cases. 

The curing of the epoxide phenolic adhesive re- 
quires a precure to facilitate resin advancement and 
general adhesive wetting and flow... It is currently 
felt that a precure at 200-220 F at 1% of the final 
pressure for 15-25 min, followed by a final cure at 
330-350 F at 40-100 psi for 4% hr, produces structures 
with the most satisfactory physical properties. 
Cool-down to approximately 200 F under full pres- 
sure is currently considered desirable, although fur- 
ther evaluation may justify elimination of this step 
on certain types of assemblies. 


New Possibilites for Production . . 


gear trains, and electric motors has long been used 
as an indicator of quality. However, when done by 
humans, precise and repeatable standards cannot 
be established. Electronic means of noise testing 
in addition to making possible the setting of ac- 
curate standards permit their measurement in total 
or in individual frequency ranges, some of which 
may be outside of the range of the human ear. 

The photocell and phototransistor have also re- 
lieved the human eye of the fatiguing task of in- 
specting ground or polished surfaces for tiny flaws. 
By precisely measuring the change in light reflec- 
tion between a fault and the desired surface, blem- 
ishes barely perceptible to the human eye can be 
detected with unbelievable rapidity. 

Another significant item is the use of ultrasonics, 
magnetic techniques, and radioactivity to inspect 
for characteristics that heretofore have been de- 
terminable only by destructive means. Of these 
techniques, the use of ultrasonics is probably the 
one which promises the greatest future development. 
We are all familiar with its use for flaw detection 
in steel blocks that defy the largest available x-ray 
equipment. You may not be aware though of the 
extent to which ultrasonics can be used to check 
weld quality. Such applications range from in- 
specting welded oil filter studs at 750 pieces per 
hour, to the inspection of brazed steel aircraft pro- 
peller blades. Inspection of these blades requires 
the scanning unit to travel a total of 600 ft, to check 
one blade. 

Another electronics application which will be of 
increasing interest to production engineers is that 
of static machine controls. One of the most serious 
problems with modern automatic equipment is the 
trouble shooting and maintenance of electrical con- 
trol circuits. Limit switches and relays cannot be 
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Resistance Welding 
The advantages claimed for resistance welding of 
sandwich structures include: 


1. Relatively low cost facilities required. 

2. Conventional-type tools and fixturing can be 
used. 

3. Pre-heat-treated details can be used. 

4. Current quality techniques can be applied to 
this new field. 


The development of new configurations of mini- 
mum-weight structures using the resistance welding 
approach is now under way. It is expected that 
these new configurations will show that the resist- 
ance-welding-method.affords maximum advantages 
for joining titanium and steel structures at a pro- 
duction cost which approximates current manufac- 
turing costs for aluminum structures. 

(The report on which this article is based is avail- 
able in full, together with reports of 13 other pro- 
duction panels. This publication, SP-317, is avail- 
able from the SAE Special Publications Department, 
485 Lexington Ave., New York 17, N. Y. Price: $2 to 
to members; $4 to nonmembers.) 
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expected to last indefinitely nor can the faulty ones 
always be quickly found and easily replaced. Re- 
cently developed static-control systems which elim- 
inate a large percentage of the moving parts of an 
electrical-control system will contribute effectively 
to improvement in this area. In a recent installa- 
tion of several automatic machines, one was 
equipped with a static circuit for comparison with 
the others using conventional controls. The static 
or mag-amp circuit developed only two operational 
failures in 9,000,000 cycles, while it became neces- 
sary to replace relays in the other after 3,000,000 
cycles. This type of control is now more expensive 
but costs should be reduced as volume increases and 
experience is gained by its manufacturers. 

Another item which undoubtedly will receive at- 
tention in the future from production engineers in 
the auto industry is tooling costs. The expense and 
time involved to re-tool, even for minor styling 
changes, has increased tremendously. Thus, to con- 
tinue to satisfy the demands of the buying public, 
this area must be thoroughly studied by production 
engineers. It is too early to predict how this will 
be accomplished but recent developments in “cookie 
cutter” dies for sheet metal blanking and piercing 
and plastic dies for drawing and forming indicate 
they are worthy of consideration. Dies made by 
these techniques generally are one-tenth the cost 
of conventional dies. Of course, their life is much 
shorter but improved materials and knowledge of 
their use will prove them to be adequate for many 
applications. 

(Paper, “Process Improvements Being Developed 
Through Manufacturing Research,” on which this 
abridgement is based is available in full in multilith 
form from SAE Special Publications Department, 
485 Lexington Ave., New York 17, N.Y. Price: 35¢ 
to members; 60¢ to nonmembers.) 
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@ Designing the Minneapolis-Moline Three-Point Hitch 


The Minneapolis-Moline 445 tractor is equipped 
with a three-point hitch that is automatically draft 
sensitive and capable of lifting and controlling im- 
plements of a size compatible with the power avail- 
able in the tractor. During its design special con- 
sideration was given to: the size of the implements; 
the method of draft-sensitive hydraulic control; the 
ease of implement hookup; and the use of as many 
common parts as possible. 

From a study of the stability line of the tractor 
against rearward overturning and from considera- 
tions of rear-tire loadings, hydraulic lift capacity, 
and rear-axle strength, a limit weight for imple- 
ments was set as shown in the top curve of Fig. 1. 

Here the weight of the implement is plotted 
against the distance its c.g. is aft of the hitching 
pins. A similar curve for a smaller tractor is shown 
at the bottom of Fig. 1. 

Since all the tools developed for this smaller trac- 
tor had been made to category 1 dimensions, the 
greater side stability afforded by wider lower points 
was needed. And because the weights allowable 
were much larger than before, it was decided to 
adopt the basic category 2 hitch-point dimensions 
for use on the 445 Tractor and to limit the tool 
weights to the upper curve shown in Fig. 1. 

Thus a hitch was designed with 114,-in. bottom 
pull link pins laterally spaced at about 34 in. at the 
implement, and with a basic mast height of 18 in. 
and using a l-in. pin. This mast height has been 
varied on the Universal model by using a mast ex- 
tension which permits a common hydraulic system 
and common links to be used on both the Universal 
and Utility models of the 445 tractor. 

This design was satisfactory for the larger sizes 
of attached implements intended for the 445 tractor 
but there were also a number of specialty tools of 
the category 1 size which it seemed desirable to at- 
tach to the tractor. In general, the category 1 tools 
are not too sensitive to draft lines and by compro- 
mising the lateral dimensions at the forward end 
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Three NewTractor Hitches .. . 


.. . provide easier hookup to implements, better traction, and 
interchangeability. All can handle larger implements and 


all use hydraulic control systems. 


of the lower pull links it was possible to get satisfac- 
tory stability with both sizes of tools at a common 
forward location. 

To mount the category 1 implements which have 
¥-in. lower-hitch pins spaced laterally at about 
28 in. and a 34-in. upper pin on an 18-in. mast, bush- 
ings for the implement end of the upper link are 
provided in an auxiliary package supplied with the 
three-point hitch. 


@ Hydraulic Lift and Draft Control System 


In designing the hydraulic lift and draft control 
system, it was decided that the draft signal for the 
automatic actuation should be measured from the 


THIS ARTICLE on tractor hitches is based on 
the following papers: 

“Design Considerations of Three-Point Hitch 
for the Minneapolis-Moline 445 Tractor” 


Thomas Evans 
Minneapolis-Moline Co 


“The John Deere Universal Three-Point Hitch 
with Load and Depth Control and Associated 
Hydraulic Controls” 

John H. Edman 


Deere Mfg. Co 


“Traction Boosting with Heavy Implements Hav- 
ing Transport Wheels” 


Roy W. Johansen 
Allis-Chalmers Mfg. Co 


Each of the above papers is available in full, 
in multilith form, from SAE Special Publications 
Department, 485 Lexington Ave., New York 17, 
N. Y. Price: 35¢ each to members; 60¢ each 
to nonmembers. 
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Fig. |\—Limit weights for tractor implements vary with distance of im- 
plement c.g. from hitch pins. 
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Fig. 2—In Minneapolis-Moline’s hydraulic lift and draft control system, 
draft signal for automatic actuation is measured from compression in 
upper link. This load actuates compression spring in hydraulic assem- 
bly, which in turn actuates hydraulic valve, lifting implement. 


compression in the upper link (Fig. 2). The com- 
pression load (F) in the link, working against the 
spring overcomes the spring and pushes on the 
control shaft moving the bell-crank and moving 
the hydraulic valve so that oil pressure from the 
pump flows to the main lift cylinder, raising the 
implement. 

When the draft drops to a point where the com- 
pression in the upper link is below the amount re- 
quired to compress the spring far enough to actuate 
the valve in the raising direction, the valve is spring 
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returned to the lower position and the implement 
returns to its deeper position. The initial load at 
which this happens is determined by varying the 
gap between the hinge and the actuating shaft with 
the main control lever and through the cam on this 
lever. To achieve greater sensitivity with a given 
total cam movement, two range holes are provided 
in the hinge; the bottom for implements of compar- 
atively light upper link compressions and the upper 
for implements with comparatively high compres- 
sions. 

The hydraulic lift unit was designed as a package 
and can be supplied as optional equipment. The 
top of the differential case is milled off and tapped 
on all tractors. A cover plate is installed when the 
hydraulic lift is not desired. When desired, the lift 
package is capscrewed in place. Ports to the pump 
are contained in the differential case and communi- 
cate through seals with the lift package. 

One of the major design considerations was that 
of hooking-up to the heavy implements that the 
tractor can lift and handle. Since an 1100-lb har- 
row is rather immovable to one “manpower,” and a 
tractor operator that can spot within fractions of 
an inch is not always available, the lower pull links 
were designed so that the ends can be pulled out 
(Fig. 3). This supplies about 31% in. of fore-and-aft 
freedom. The ends are shaped so that in the ex- 
tended position they give about 3 in. of vertical 
freedom. 


@ Allis Chalmers’ Traction Booster 


A Traction Booster shifts a portion of implement 
weight and tractor front-end weight to the drive 
wheels of the tractor to get more wheel traction. 
Tractors equipped with a Traction Booster system 
are said to do at least 20% more work than tractors 
not equipped with the system. 

The most important factor effecting traction is 
the amount of weight carried on the drive wheels 
of a tractor. With the Traction Booster, when the 
drawbar load reaches a point where additional trac- 
tion is needed to avoid excessive drive wheel slip- 
page, a portion of the implement weight and the 
tractor front end weight is automatically trans- 
ferred to the tractor drive wheels. 

This weight transfer or boosting of traction is ac- 
complished by supporting a portion of the weight 
of the implement on the hydraulic ram actuated 
lift arms of the tractor. As the traction require- 
ments increase with an increase in drawbar load, 
the tractor load sensing spring measures this load 
and causes the hydraulic system to increase the 
amount of implement load supported by the lift 
arms. When this additional traction is no longer 
needed, most of the weight is automatically returned 
to the implement and the tractor front end. 

A single-point drawbar hitch, together with 
proper depth adjustment on the implement, insures 
virtual constant depth of implement penetration 
regardless of weight transfer. The system main- 
tains the desired working depth, yet responds imme- 
diately when more weight is needed on the tractor 
drive wheels. 

Wheel weights add traction and permit the trac- 
tor to pull an implement through the tough spots 
in the field. But that added weight still has to be 
rolled along when not needed in the rest of the field. 
Therefore this added weight becomes excessive when 
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not required for traction. With the Traction 
Booster, when additional weight for traction is not 
needed, it is returned to the implement. 

Fig. 4 shows the general arrangement of tractor 
and implement utilizing the automatic Traction 
Booster with the remote ram operating the trans- 
port wheel of the high-capacity implement. The 
system is quite simple and completely automatic. 
It merely consists of an extra valve in the Traction 
Booster hydraulic system which automatically di- 
rects the hydraulic fluid to a remote ram after the 
maximum weight transfer has been applied to the 
tractor drive wheels. As the hydraulic fluid is di- 
rected to the remote ram, the implement is lifted 
on its own wheel, or wheels as the case may be, 
thereby making it necessary for the tractor to carry 
only a portion of the implement weight during 
transport. This then provides the necessary trans- 
port stability to the tractor-implement combination 
and permits a given tractor to do the work of a 
much larger tractor that does not have a traction 
booster. 

Fig. 5 illustrates schematically the main elements 
of the hydraulic system. Namely, the drawbar and 
drawbar pivot fork, which actuates both the load 
sensing spring, and the link rod, which operates the 
hydraulic pump. The pump then supplies the nec- 
essary control of the hydraulic fluid output to the 
tractor rams and the transport valve. The trans- 
port valve in turn controls the flow of the hydraulic 
fluid to and from the remote ram. 

Consider now a tractor weighing 4600 lb with 1150 
lb carried on the front wheels and 3450 lb on the 
drive wheels.- This is typical of tractor design 
weight distribution where 70-75% of the tractor 
weight is on the rear wheels. 

Not including dynamic effects, the maximum pos- 
sible weight transfer to the drive wheels of the 
tractor, as controlled by the transport valve, is 1400 
lb. AS a result, under conditions of maximum 


weight transfer, the weight on the rear wheels may 
total as much as 4850 lb. This condition provides 
the same traction that would be obtained with a 
6500-lb tractor not having weight transfer and 
makes practical the hitching of heavy, high-capac- 
ity implements in a manner which results in greater 
utilization of engine horsepower without an increase 
in tractor weight. 

The 4600-lb tractor is capable of pulling, under 
most conditions, a four-bottom 14-in. moldboard 
plow with a small air-tired trailing transport wheel. 
The tractor-plow combination retains the maneu- 
verability advantage of a fully mounted implement 
permitting sharp turns and course-changing ability, 
unrestricted backup, and safe rubber-tired trans- 
port. Since the implement is designed for a specific 
tractor, it permits minimum design allowance for 
dynamic loading and results in a tractor-implement 
combination of maximum operating efficiency. 

In field operation as the plow enters the field, the 
tractor lift arms lower the load plow first, automat- 
ically followed by the remote ram lowering the rear 
of the plow. This acute angle entry results in quick 
attainment of full plowing depth together with un- 
staggered entry of the plow bottoms. Likewise, 
when the plow is lifted at the end of the field, the 
lead plow bottom raises first, leaving uniform, even- 
length furrows at the head lands. 

To see better the work advantage of the Traction 
Booster, let’s reconstruct an actual field demonstra- 
tion made with the mentioned tractor-plow combi- 
nation. The field is tough. It hadn’t rained appre- 
ciably for two months. The demonstration is to 
show the difference in wheel slippage when the 
Traction Booster is not engaged as compared to 
when it is used. Also, depth measurements will be 
made to see if the unit plowed the same depth both 
times. One thousand feet are plowed without the 
Traction Booster engaged, in second gear, with three 
14-in. bottoms at about a 9-in. depth. Without the 





Fig. 3—Pull links with end in operating (top) and coupling (bottom) positions. 
and 3 in. of vertical freedom. These leeways permit easier hookup of implement to tractor. 
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This arrangement provides about 312 in. of fore-and-aft freedom 
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Fig. 4—General arrangement of tractor and implement utilizing Allis Chalmers’ automatic Traction Booster with remote ram operating transport 


wheel of implement. 
fer has been applied to tractor drive wheels. 
plement weight during transport 


Traction Booster, it took 4 min, 35 sec. The furrow 
depths are measured at three locations. The first 
was 91, in., the second 10% in., and the third 9% in. 

The same run is reported in adjacent furrows with 
the Traction Booster engaged. In measuring fur- 
row depths at the same spots as before, they were 
9% in., 9% in., and 10 in., respectively—for all prac- 
tical purposes the same depth as before. The time, 
3 min, 19 sec, or 27.6% less time with the Traction 
Booster. 


@ John Deere’s Three-Point Hitch and Control System 


John Deere’s new three-point attachment system 
permits the application of integral implements to 
the larger sizes of farm tractors. Interchangeability 
is achieved; and new concepts of control give suit- 
able regulation of the hitch. 

The hitch on the new John Deere 520, 620, and 720 
series tractors is a three-point attachment system. 
It is similar to the three-point hitch with “load and 
depth control” found on the small size models, 40 
and 40s. The new hitch, however, has been made 
adequate in strength to handle the larger imple- 
ments that may be used with the new tractors. It 
also has numerous refinements to enable it to per- 
form under a wider range of operating conditions. 

A three-point hitch design was chosen for the new 
tractors because: 


1. The use of virtual centers allows more freedom 
in basic tractor chassis shape; or conversely, given 
a tractor chassis of established configuration, it is 
possible to locate the linkage centers to obtain a de- 
sirable geometric arrangement. As is well known, 
this center of action has an important influence on 
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Valve in Traction Booster hydraulic system automatically directs hydraulic fluid to remote ram after maximum weight trans- 
Fluid lifts implement on its own wheel, making it necessary for tractor to carry only a portion of im- 


trailing steadiness, ground entry, transport attitude, 
depth control of an implement, and weight transfer 
effects. 


2. The three-point system lends itself to a load- 
sensing control arrangement which will give auto- 
matic regulation of working depth. 


3. There is a large quantity of implements, tools, 
and attachments of almost endless variety now 
available for use with three-point hitch systems. 


4. The trend is toward interchangeability in the 
use of tractors and implements. Only the three- 
point attachment system has achieved any large de- 
gree of interchangeability in commercial practice. 


5. The attaching points for the three-point sys- 
tem are widely spaced. This promotes rigidity. The 
draft links and center link have tension or compres- 
sion load applied to them, thus can be lighter than 
in designs which must resist the “tumblebug” ac- 
tion of the implement by using the hitch members 
as cantilever beams. 


6. The three-point system lends itself to provid- 
ing for all necessary adjustments for making the 
tool function properly. Fore-and-aft leveling is ac- 
complished by changing the length of the center 
link. Lateral leveling is done by changing the 
length of one lift link. Adjustment of height range 
may be done by lengthening or shortening both lift 
links. Also, a lending adjustment for shifting the 
lateral position of certain implements may be pro- 
vided. And lateral roll flexibility is obtained when 
desired with wide implements by removing two col- 
lars from the lift links between the lift arms and 
draft links. 


Provision has been made for attaching both cate- 
gory 1 and category 2 implements to the hitch. The 
adapter assemblies consist of two sizes of pins and 
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Fig. 5—Hydraulic system for Allis Chalmers’ Traction Booster. 
the hydraulic pump. 
turn controls flow of hydraulic fluid to and from remote ram. 


corresponding balls to be installed in the implement 
mast, balls in the draft links which conform to eate- 
gory 1 length and category 2 hole size, and bushings 
for the category 1 implement hitch pins. 

The matter of easy attachability becomes increas- 
ingly important as the tractor and its implements 
become larger and heavier. For tractors of 3-plow 
size and greater, it is not generally possible to attach 
a hitch-mounted implement by hand rolling the 
tractor or manually shifting the implement. 

For implements built to use a loose hitch bar, the 
bar is attached to the tractor draft links and the 
tractor backed up to the implement so that a guide 
on the bar engages the jaws on the implement 
frame. “Quik-Tach” pins lock the bar in place. 
The top link connection is made by engaging the 
hooked end over the ball, which is installed in the 
implement mast. 

For implements not arranged to use the hitch bar, 
attachment is facilitated by telescoping draft links, 
which obviate the need for exact fore-and-aft posi- 
tioning of hitch points. Full-range adjustability 
of each lift link and of the center link, with indexing 
marks on each, aid in attaching without lifting or 
juggling implements. 


@ Hitch Control System 


Provided with the three-point hitch is a hydraulic 
control system. The basic system consists of a large 
volume reservoir, a constant running pump (which 
can be shifted out of action), a position-responsive 
type large-capacity rockshaft located above and be- 
hind the rear-axle centerline, and a rockshaft con- 
trol valve, along with the necessary plumbing and 
hardware. It is an open-center, medium-pressure 
system. 


MAY, 1957 


Pump then supplies necessary control of hydraulic fluid output to tractor rams and transport valve. 


uk ROO 


"-_ DRAWBAR- “PIVOTING PORK 


Drawbar pivot fork actuates both load sensing spring and link rod, which operates 


Transport valve in 


A load-sensing control mechanism is added to the 
basic hydraulic system for depth control of hitch- 
mounted implements. This control has been given 
the name “Load and Depth Control.” It provides 
a load-compensated regulation of the position-re- 
sponsive rockshaft; and with it, the hitch itself. 
This control is effective only when the hitch is used 
with ground-engaging implements. As is commonly 
known, these implements generate a “tumble-bug” 
action about the lower attaching points, due to soil 
resistance being applied to the implement at a 
point or points below these hitch pins. This tend- 
ency to rotate forward is resisted by the upper link, 
which is attached at its forward end to a movable 
yoke. This yoke is cushioned against deflection by 
a pair of compression springs. 

Thus, for a given thrust load in the upper link, 
there will be a deflection of the yoke from its at-rest 
position. Movement of the yoke is transmitted 
through its mounting shaft to a servomechanism 
which provides the position-responsive control of 
the rockshaft. Variations in this thrust load will 
cause a shift in the position of the yoke; and with 
it, the height of the hitch. 

The “Load and Depth Control” does not attempt 
to maintain a constant draft in varying soil condi- 
tions. What it does do is to adjust the working 
depth from the established position only enough to 
stay within the tractor-pulling capacity. This re- 
sults in a uniformity of working depth approaching 
that of a constant depth system without the possible 
overload situations presented by the latter arrange- 
ment. The control response also prevents going ex- 
cessively deep when a soft spot is encountered in 
the field. As compared with a pure draft-responsive 
system, the regulation results in substantially less 
variation from the desired depth when operating in 
a field having varying draft conditions. 
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Production Meeting Reveals: 


There's a Revolution Going 


AE President W. Paul Eddy 

overheard a production man’s 
uniquely descriptive classification 
of SAE members—engineers con- 
cerned with the design, manufac- 
ture, and operation of ground and 
air vehicles. You might label them 
Dreamers, Doers, and Destroyers, 
he said. 

HE nearly 400 who attended the 

SAE National Production Meet- 
ing in Buffalo, March 20-22, might 
well have disagreed with the 
above classification. They saw and 
learned that the doer-production 
men are dreamers, and they’re 
making their dreams come true. 
The revolution taking place in to- 
day’s factories is rife with excite- 
ment for manufacturing men. 
They have put to work science, 
research, and development (plus 
their fertile imaginations) to har- 
vest a new and profitable crop of 
ideas that are beginning to pay off. 

Steel machining chips trans- 
formed into useful parts, machines 
operated by electronic brains, new 
tool materials that save precious 
lead time and cut costs .. . these 
and a host of other creations of 
the production man’s imagination 
are yesterday’s dreams reaching 
reality today. 

The three-day information in- 
terchange—in technical sessions, 
Production Forum panels, and on 
plant trips—brought to light new 
developments in: 


1. Materials for tools. 

2. Machines and equipment for 
automotive plants. 

3. Methods and approaches to 
automotive manufacture. 


Some one must have heard 
manufacturing men gripe that 
“chips are our most expensive 
product”—and did something 
about it. “Why not make some- 
thing useful from this waste?” he 
asked. And that’s just what proc- 
ess researchers at General Motors 
have done. 

One of them told how steel 
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chips have been sintered and com- 
pressed. Parts made from this 
material have physical properties 
closely resembling those made 
from mill steel. 

Aluminum oxide, another plen- 
tiful material, is now making 
metal chips as a cutting tool. 
These ceramic tools have been 
commercially available for only a 
year, it was reported, and they 
are cutting metal faster and bet- 
ter. Oxide tools work best at cut- 
ting speeds 2-10 times those of 
conventional cutting tool mate- 
rials. They’re easier to grind and 
are said generally to produce bet- 
ter finishes. 

The entire potential of oxide 
tools won’t be realized until ma- 
chine tools are built that can fully 
use them. It took the machine 
tool industry 20 years to catch up, 
and then surpass, carbide tools. 
Now the oxides again have put 
cutting tools ahead of machine 
tools in terms of capability. 

High-speed steel tools also have 
been improved, a _ metallurgist 
noted. Additions of molybdenum 
and vanadium to high-speed steels 
have made them harder and more 
abrasion resistant. Tool life has 
been improved 30-50% in some 
cases. 

Vanadium also is playing a 
prominent role in a new die steel. 
Called Ottawa 60, this material 
contains 12% vanadium and 314% 
carbon. Its toughness, high wear 
resistance, and low coefficient of 
resistance are winning for it ap- 
plications in drawing of stainless 
steel. Ottawa 60 also has proved 
satisfactory in trim dies, and in 
working on a number of different 
materials. 

General Motors has developed a 
new die material that gives a die 
life between that of conventional 
zinc-base tools and ferrous dies. 
Nickel and titanium alloyed in a 
soft zinc matrix form hard parti- 
cles and furnish this material, 
called GMOODIE, with its wear 
resistance. 


GMOODIE outwears conven- 
tional zine dies by four to one in 
forming 18—-20-gage cold-rolled 
steel. In light forming and draw- 
ing operations, the material can 
produce 100,000—200,000 stampings. 
Although GMOODIE tools cost only 
1/4-2/3 as much as ferrous dies, 
they require considerably more 
maintenance. 

High on the production man’s 
dream list are metal adhesives. 
They’re on the way, those at the 
Meeting learned, and will in the 
not-too-distant future be used in 
assembling aluminum die castings 
and applying metal body trim. 
Even though they won’t repiace 
conventional metal joining proc- 
esses such as welding, brazing, and 
soldering, these adhesives will find 
wide application. 


Electron Invades the Factory 


To the “bull-of-the-woods” pro- 
duction man, discussions at Buf- 
falo would have sounded as if fac- 
tory men have gone long-haired. 
Electronic brains and automatic 
mechanical muscles are being in- 
stalled in automotive plants as 
fast as these new devices prove 
themselves. 

A progress report on electro- 
machining revealed that the proc- 
ess is becoming increasingly more 
practical. In this method an elec- 
trical current shapes the work 
piece. The desired shape to be cut 
is defined by the shape of the tool. 
which also disintegrates as the 
work is “machined.” The tech- 
nique already is being used to pro- 
duce die cavities, to sharpen tools, 
form surface contours, and to 
pierce, tap, trepan, and drill. 

Much of the interest at the 
Meeting centered around cold ex- 
trusion. Proponents of the proc- 
ess say, “It’s cheaper to move 
metal than to remove it.” Cold 
extrusion will make increasingly 
greater inroads as more manufac- 
turing men learn how to use it. 
Right now it takes more than just 
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on in Todays Factories 


one part to justify a manufactur- 
er’s investment in phosphating, 
annealing, and press equipment. 

Another piece of “blue sky” that 
has come to stay is computer con- 
trolled machine tools. The Forum 
panel on this subject brought to- 
gether physicists and mathemati- 
cians swapping experiences and 
information with the production- 
doers who want to get things made 
cheaper and faster. 

These men told how in some 
cases a computer is used to calcu- 
late the design of production tools 
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such as cams and dies. In other 
cases, the computer is combined 
with the machine and completely 
fabricates a part from the intel- 
ligence it picks off a punched tape. 
Time requirements that may 
have sounded fantastic a few 
years ago are commonplace today 
in operations using numerical 
control. For instance, given the 
equation and drawing for a simple 
cam, you can program it on tape 
in 20 min using a computer, and 
machine it in 5 min on a numer- 
ically controlled machine tool. 


of General Chairman Elmer THE MEN WHO LED the Production Forum in Buffalo are 
man Churchill Bartlett and Co-Sponsors W. E 


These machines still don’t fit 
the pocketbook of every plant. 
The economics of their use de- 
pends on the part to be machined, 
its complexity, and cost. They 
still come too high for most ma- 
chining jobs because their devel- 
opment cost has to be borne by to- 
day’s customers. 

Electronic equipment is impor- 
tant to automated lines in more 
ways than are obvious. In main- 
tenance of automation equipment, 
for example, a 14-channel recorder 
recently developed can be plugged 
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into an automation line to check 
the operation of the machine 
against amasterchart. By quickly 
showing the cycle time on each 
operation, this device is a short- 
cut in trouble shooting. 

Another piece of automated 
equipment that drew interest was 
a robot-arm universal transfer 
machine. This arm can swing 360 
deg, raise or lower 2 ft, and bend 
at its elbow. Its motion pattern 
can be varied by feeding intelli- 
gence into its computer control 
mechanism. It’s being used to 
feed a punch press and to remove 
parts from a die casting machine. 

Yet another innovation in auto- 
mated equipment is the remote- 
controlled tractor-trailer trains 
for moving materials in a plant. 
A wire in the floor or ceiling estab- 
lishes the train’s path without 
contacting it. 


Automation Realities Emerge 


Production men who have sev- 
eral years of experience with 
automation gave some practical 
Slants on what it takes to live 
with automation. For instance, 

SAE Vice-President for Production D S sf y F Adams. 2utomated assembly machines de- 
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Meetings Vice-Chairmar the Production Activity Cc viewed the Mand pretty close to 100% quality, 
ontent of the Buffalo Meeting etermine areas worth further exploration by they said. Assembly machines 
the Production Activity can’t readily allow for variations. 
So in some cases even 1% of parts 
a ed a a at ,, out of tolerance can be costly. 
AL. OF m4 7 gestern! -gliide Se ang he Pata It’s been found, too, according 
=, vo reports at the Meeting, that you 
can’t just automate a single part 
or a section of a line and realize 
any savings. You have to auto- 
mate a complete line to get any 
value from automation. 

And an experienced hand at set- 
ting up automated lines urged pro- 
duction men to design four or five 
alternative processing methods 
and to select the best. Just don’t 
design one method and then tool 
up for it, he warned. Your invest- 
ment is too costly to buy the first 
approach that comes to mind. 

Several Canadian production 
men explained their attitude on 
automation. Because their volume 
is lower than it is in this country, 
they can’t afford fully automated 
equipment. So they start with a 
machine that’s about 75% stand- 
ard, and then they adapt it to spe- 
cial attachments. 


Furnas Fixes Research- 
Production Relationships 


Many automotive companies, re- 
ports at the meeting showed, have 
already carried out the suggestion 
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JUST BEFORE THE LUNCHEON on the first day of the Production 
-ellor of the University of Buffalo, (second from right 
SAE President W 


A. H. Gille 


L hairm ar 


made by Luncheon Speaker C. C. 
Furnas, chancellor of the Univer- 
sity of Buffalo, that: 

“Production organizations should 
have groups to carry out their own 
investigation for those forms of 
improvement which logically fall 
in the general bailiwick of produc- 
tion. ... A certain degree of au- 
tonomy of production units for 
delving into their own problems 
is essential for a vigorous and ad- 
vancing organization.” 

As the sort of thing particularly 
adaptable to working out by 
“an alert investigation production 
group,” Furnas suggested: 


@ Better methods of fabrication 
with given materials. 


@ Product reliability. 


@ Improved design of produc- 
tion machines. 


@ New and ingenious methods of 
materials handling. 


“As automatic production meth- 
ods come more into prominence,” 
Furnas concluded, “I foresee an 
ever-rising, ever-increasing im- 
portance in research and develop- 
ment in production methods. 

“This may take the form of that 
analytical approach based on 
mathematical thinking known as 
‘systems analysis’ or the 
more sophisticated activity usually 
called ‘operations research.’ So 
don’t be surprised if, in the future, 
you see more and more long- 
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haired mathematicians probing 
into the details of production 
methods and processes. Don’t re- 
sent and ignore them.” 

Leading up to these conclusions, 
Furnas warned that production 
only comes into the picture after 
the research and development 
process has been carried out. True, 
the new material or device serves 
no useful purpose until production 
is under way. But, he said, re- 
search and development is a con- 
tinuous spectrum and must be car- 
ried along a substantial distance 
before production comes in. - He 
also brought out that: 

A development item must even- 
tually be weaned away from re- 
search and turned over to those 
who are going to produce it. This 
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is often difficult to do, because the 
research-centered mind seldom 
wants to give anything up. It is 
always seeking perfection. 
Hence management has the con- 
tinuous task of effectively and 
smoothly merging the newly de- 
veloped item into the production 
picture. 

Furnas pretty well summed up 
the production excitement gener- 
ated at the Meeting when he said: 

“Despite the fact that the his- 
tory books record that the Indus- 
trial Revolution was something 
that came in with the development 
of the steam engine and then was 
finished in the Nineteenth Cen- 
tury, it is my contention that the 
Industrial Revolution is just now 
getting well started.”’ 
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How Rohr Aircraft Makes High- 


OHR is fabricating a number of sheet-plus-honey- 

comb sandwich structures by a furnace brazing 
teehnique. The illustrations on these pages show 
how it is done. 

Among the parts now in production are: 


@ Contoured shear panels for powerplant sup- 
port strut. 

e@ Tapered elevons. 

e@ Flat trailing edge with numerous inserts. 

@ Airfoil sections of a Canard wing. 


The success of the process depends on extremely 
careful handling and proper detail at the very out- 
set. Shown here are design hints on what to do and 
what to avoid when handling edge members, shear 
attachments, and knife edges. 

Looking to the future, Rohr sees the development 
of titanium sandwich structures, a sandwich struc- 
ture for operation in temperatures up to 1500 F, and 
another for operation above 2000 F. 

(Paper, “High-Temperature Sandwich Structure 

Present State of Development and Outlook for 
the Future,” on which this abridgment is based is 
available in full in multilith form from SAE Special 
Publications, 485 Lexington Ave., New York 17, N.Y. 
Price: 35¢ to members; 60¢ to nonmembers.) 


CORE is machined to precise dimensions and given an ini- 
tial cleaning to prepare it for pre-fit assembly. To main- 
tain cleanliness, parts are handled with white gloves 
throughout assembly 


TACKING a typical panel. Assembled panels are held to- TYPICAL BRAZING FIXTURE for a sandwich structure 
gether with tie strips, and are accurately located and tack- A diaphragm is welded over the top of the brazing fixture. 
welded to the brazing fixture, together with appropriate The fixture is thoroughly purged with dry argon before 
test coupons charging into the furnace 
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Based on paper by H. M. Rush, Rohr Aircraft Corp 


Temperature Sandwich Structure 


DETAILED PARTS are assembled into kits and given a pre- 
determine matching of the parts, then 
Here is the assembly fixture 


fit assembly to 
transferred to final assembly 


with core tn positior 


CHARGING BRAZING FIXTURE into furnace. Brazing is 
jone with dry argon flowing through fixture and a partial 
vacuum is maintained to hold detail parts in contact and 
to hold the panel solidly against the fixture 
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ASSEMBLY FIXTURE with core and channels added. After 
careful and accurate assembly to complete the panel, it is 
tack-brazed on this special fixture. Before final assembly 
parts must be very carefully. cleaned 


PANEL looks like this when examined radiographically t 
evaluate continuity of bond. Work is being undertaken t 
evaluate and correlate fluoroscopic and ultrasonic 


metho j 
of inspection 





Metal Seals . . 


. are expected to succeed rubber O-rings in aircraft hydraulic systems subject to 
thermal cycling and possible nuclear irradiation. 


. George R. Keller and Paris H. Stafford, Avon 


HE usable range of temperature and thermal cy- 

cling of elastomeric seals appears to have been ex- 
ploited to the full. Added requirements in terms 
of higher temperatures, greater temperature range, 
increased rate of thermal cycling, and resistance to 
nuclear irradiation will probably have to be met 
with seals of metal or other non-organic material. 
At the present time a preloaded, pressure-energized 
metal seal appears to hold the greatest promise. 

While elastomeric seals can probably withstand 
high temperatures and high pressures for extended 
periods of time, these seals all exhibit pronounced 
compression set under these conditions. The effect 
of the compression set is to reduce the installation 
squeeze, with subsequent seal leak at low tempera- 
tures. Therefore, an elastomeric seal which would 
be quite satisfactory for a supersonic interconti- 
nental bombardment missile could be completely 
useless in a short-range, high-speed piloted inter- 
ceptor. Likewise, a seal which would perform prop- 
erly over an extended, thermally severe one-way 
flight could fail under thermal cycling even though 
peak temperatures were relatively mild. 

There is another, as yet less well-known, reason 
for considering the use of metallic dynamic seals in 
both missiles and inhabited aircraft. The life of 
familiar elastomeric compounds may be quite short 
when subjected to nuclear irradiation. Although 
this field has not been thoroughly analyzed, it does 
appear that nuclear-powered aircraft and missiles 
which are subject to atomic counter-measures may 
not be able to rely on elastomeric pressure seals. 

Piston-ring seals in many forms are being tried in 
aircraft hydraulic systems, but the working pres- 
sures—3000 psi and up—are more severe than those 
for which piston rings have been successful in the 
past. Hydraulic power also is being used to operate 
flight control systems, but where they incorporate 
high performance servomechanisms, the leakage 
often associated with piston rings becomes intoler- 
able. On that account, a metallic dynamic seal 
superior to the piston ring may be needed for very 
modern aircraft which use high-performance sta- 
bility augmenters and automatic pilots. 

Where the seal separates pressurized fluid from 
air, any significant leakage past the seal will create 
a severe fire hazard. In many of the newer airborne 
weapons, the fluid may have to operate at tempera- 
tures in excess of its flash and fire points. At the 
same time, the compartment temperature might be 
in excess of the autogenous ignition temperature of 
the fluid. External leakage under these conditions 
would result in the loss of the aircraft by fire. 


Metallic Seals Needed 


There is a real need for a metallic seal which will 
operate satisfactorily at temperatures well in ex- 
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cess of 500 F, which will contain pressures greater 
than 3000 psi, be capable of enduring a large num- 
ber of thermocycles, and have leakage character- 
istics and service life at least as good as the O-rings 
in today’s aircraft. 

In response to these needs, Autonetics has em- 
barked on a program of evaluating and testing 
metal dynamic seals in aircraft hydraulic equip- 
ment. Two testing techniques are being used. One 
is an arbitrary cycling at a fixed frequency and 
stroke where leakage is measured as volume per 
cycle. The other method attempts to simulate more 
closely the duties of an actuator in a surface control 
servomechanism. Here, leakage can only be a func- 
tion of test time. With both techniques, elevated 
fluid temperatures result in shortened seal life. 

In the absence of fluids having good high-temper- 
ature viscosity, seal materials should have nongall- 
ing characteristics, be strong, highly elastic, and 
not too hard. The seal itself must be designed to 
withstand excessive deflection under pressure, yet 
be compliant enough to compensate for deflections 
of its mating surface. Forces between the sealing 
surfaces should always be great enough to preclude 
leakage at low pressure and never so great as to 
squeeze out all of the thin film of oil when activated 
by high pressure. 


High Precision A Requisite 


Metallic dynamic seals can be made to operate in 
working aircraft hydraulic equipment under ex- 
pected operating conditions. This has been demon- 
strated. The seals are as yet marginal in their usa- 
bility, but so is every other type of seal proposed for 
high-temperature hydraulic use. There seems to 
be no basic technical obstacle preventing improve- 
ment in the design and operation of these seals. 

When a completely satisfactory seal is available, 
the aircraft industry isn’t going to be happy with 
it. The seal will have to be matched to a particular 
actuator. It will be a precise device, manufactured 
to close tolerances, and finished with a mirror-like 
surface. It will have to be handled like a precious 
jewel. It will be capable of giving good service only 
when operating with hydraulic fluid of fantastic 
cleanliness. It is not going to be an item which can 
be serviced at an advance military base. The re- 
quirements of the new weapon systems, probably 
will leave no choice as to whether or not it will be 
used. 

(Paper, “Metal Dynamic Hydraulic Seals,” on 
which this abridgment is based is available in full 
in multilith form from SAE Special Publications De- 
partment, 485 Lexington Ave., New York 17, N. Y. 
Price: 35¢ to members; 60¢ to nonmembers.) 
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PLANE FOR MACH 2-4 REGIME has ramjet 


SPRING AERONAUTIC MEETING DISCUSSES fl IGHT 
at Mach 2-4 and 50,000-90,000 ft 


ILOTED airplanes flying at 

speeds of Mach 2-4 and at alti- 
tudes of 50,000-90,000 ft are cur- 
rently the concern of many in the 
aviation industry ... even while 
others are still struggling with the 
problems associated with high- 
subsonic transports. A wealth of 
information on both topics was 
exchanged at the SAE National 
Aeronautic Meeting held April 2-5 
in New York. 

The four days of the Meeting 
were headlined: 


April 2—Aeronautic Production 
April 3—Aircraft Propulsion 
April 4—Air Transport 

April 5—Military Aircraft 





in fuselage and turbojets at wingtips, as conceived by artist 











The Aeronautic Production 
Forum is reported on pages 84-86 
of this issue. Many of the engi- 
neers and executives who came to 
attend the Forum’s clinics stayed 
over to join the hundreds who 
came for the Meeting’s three sub- 
sequent days of technical sessions 
on design and operating problems 
.. . and for the 58 exhibit booths 
in the SAE Aircraft Engineering 
Display, the daily luncheons, and 
the concluding Sky Ball held Fri- HARD-WORKING GENERAL CHAIRMAN A. T. ee right 
day evening, April 5. plaque from ti President Eddy in appreciation vices in orgar 

The Meeting drew a higher pro- Mee ng. Gregory hief engineer of the Fairch Engine Di 
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RELAXING FOR A MOMENT before Aircraft Propulsion Day lunch 

eon are toastmaster H. Mansfield Horner and speaker E. R. Shar 

Horner is chairman of the board of United Aircraft Corp. and Sharp 
director of the NACA’s Lewis Flight Propulsion Laboratory 









PROPULSION IS THE KEY TO AVIATION PROGRESS just as 
“Aviation Progress is the Key to Survival’ as the Meeting’s theme 
ran. This was luncheon speaker E. R. Sharp’s thesis, and he backed 
it up with the reminder that every successful airplane since the 
Wrights has been built around an available successful propulsion 
unit. Sharp made these observations: 











@ A propulsion system combining both turbojet and ramjet could 
prove to be ideal for a supersonic transport. 


@ Possibility that a suitable ducted fan engine or rocket propulsion 
system will eventually supplant the turbo-ramjet or straight turbojet 
will depend on the rapidity of developments in the field of noise sup- 
pression and overall safety, especially in the case of rockets. But 
rockets will eventually enter the field of transport propulsion. 









@ High-energy fuels may be expected to find maximum use in 
turbojets for high-speed military aircraft. These fuels will insure 
efficient combustion at extreme altitude and achieve maximum super- 
sonic radius. Take-off and cruise requirements may dictate the 
need to design for dual fuels. 









@ For extreme altitudes, auxiliary rockets may be used to furnish 
the stream in which jet-reaction controls will operate. 


@ Due to increasing speed requirements, ramjets will probably 
lose out to rockets in missile designs. But first we must solve the 
problems connected with precision in propellant feed rate, complete 
propellant utilization, maximum nozzle effectiveness, damping of 
combustion oscillations, and surface cooling. Once these problems 
are solved for rockets, the solutions can be applied advantageously 
to other types of powerplants too. 















































portion of out-of-town partici- 
pants than previous New York 
Aeronautic Meetings, despite the 
bad flying weather prevailing 
throughout the week. Both out-of- 
town and local participants ap- 
preciated the SAE Meetings Com- 
mittee’s action in moving the 
Meeting to the Hotel Commodore, 
where almost all sessions could be 
held in the three ballrooms and 
seven parlors located on one floor. 


Powerplants 


Noting that three of the century 
series fighters now flying are 
Mach 1.5-2 aircraft and that the 
X-2 reached “well above Mach 
2.5,” speakers at Aircraft Propul- 
sion Day went on to speculate 
about powerplants and materials 
for the Mach 2-4 range. Two ways 
of propelling a plane at these 
speeds were brought out: 


1. Small turbojets having high 
thrust/weight ratios. 


2. Combinations of turbojets 
and ramjets. 


Rockets were discounted for the 
next decade, mostly because of 
their transient problems. How- 
ever, research is under way now 
that ought to give us, well within 
10 years, turbojets delivering 2000 
lb thrust for an engine weight of 
130-180 lb and at a specific fuel 
consumption of less than 1 lb fuel 
per lb thrust-hr. 

Small turbojets were said to be 
more promising than big ones for 
supersonic flight. The concept 
that engine weight increases as 
the volume or cube while air- 
handling capacity and therefore 
thrust increases as- the area or 
square of dimensions does not 
hold strictly, it was agreed. (You 
can’t scale down tip clearances, 
tolerances, and engine controls, 
for example, below certain mini- 
mums.) But optimum thrust/ 
weight ratios and engine-plus-fuel 
weight/vehicle weight ratios occur 
with turbojets much smaller than 
today’s 10,000 lb thrust types, 
speakers indicated. 


Low Pressure Ratios 


Supersonic turbojets will prob- 
ably have pressure ratios between 
4 and 7, indications are. That’s 
to achieve good fuel economy and 
consequent low engine-plus-fuel 
weight/vehicle weight. Low spe- 
cific fuel economy results from 
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low engine pressure ratios and low 
turbine inlet temperatures. Un- 
fortunately, so does low specific 
thrust—and large frontal areas, 
and therefore large drag, result 
from low pressure ratios. Ratios 
in the 4-7 range appear to be a 
good compromise. 

Turbojet-powered planes for the 
Mach 2-3 regime would probably 
have enough thrust to give them 
vertical take-off and landing capa- 
bilities at sea level, the experts 
predicted. 


Turbo-Ramjets 


Propulsion systems combining 
turbojets and ramjets probably 
wouldn’t have this VTOL capabil- 
ity. But they could be pushed to 
Mach 4 at 90,000 ft altitude, ac- 
cording to analytical data pre- 
sented. The turbojet might be in- 
stalled in the fuselage and the 
ramjets at the wingtips—or vice 
versa. Or the turbojet might be 
installed inside the ramjet, all in 
the fuselage, like the French 
“Atar” fighter now flying. 

In connection with the ramjet- 
turbojet proposal, it was noted 





craft Propulsion Day luncheon 
left 


program reported opposite 
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that supersonic aircraft can get 
into varieties of trouble never 
dreamed of with the familiar sub- 
sonic types. Supersonic craft can 
zoom to altitudes where the usual 
controls are _ ineffective—where 
only jet-actuated controls can get 
a grip. They can dive to speeds 
where the dynamic pressure loads, 
assisted by high temperatures, 
make any flyable structure inade- 
quate. For these reasons, super- 
sonic flight must be restricted to 
a rather narrow range. 

The thermal barrier to super- 
sonic flight was mentioned often 
at this Meeting but not so awe- 
somely as at similar gatherings in 
previous years. One man com- 
pared it to a big rubber ball: it’s 
not too difficult to nose into it and 
back out again, but it takes a lot 
of effort to stay in it. That’s be- 
cause, as has long been recognized, 
the hot air in the boundary layer 
heats the airframe roughly as the 
first power of the air temperature 
—and that can be high. But, as 
has more recently been confirmed, 
the airframe immediately begins 
to radiate heat away roughly as 
the fourth power of its skin tem- 


All are executives of United Aircraft Corp. or its divisions 
L. S. Hobbs, Eddy, H. Mansfield Horner, and Earle Martin 
Pratt G Whitney Aircraft Division, and Horner, who is chairman of 


perature. The result of these ef- 
fects and others is that the air- 
frame heats up gradually. Never- 
theless, skin temperatures soon 
reach 500-1000 F—uncomfortably 
hot for materials as well as for 
men. 

For this reason, airframe de- 
signers are turning from alumi- 
num and magnesium to stainless 
steel and titanium—materials for- 
merly used only for hot parts of 
engines. And engine designers 
are turning to still more heat-re- 
sistant materials, like coated mo- 
Iybdenum. This metal has high 
strength at high temperatures if 
it is prevented from oxidizing. 
Inconel-clad molybdenum turbine 
nozzle blades have given encour- 
aging results in engine tests where 
they operated in 1800 F gas. Work 
is now in progress on molybde- 
num-base alloys said to retain 
their strength well above 2000 F 
with proper surface protection. 


High-Energy Fuels 


Papers on engines for supersonic 
flight made no mention of fuels. 
But in the talk fests they stirred 


hes. 


FRIENDS OF SAE PRESIDENT W. P. EDDY greet him just before he leaves with procession for speakers table at Air- 


They are L. C. Mallet 


Eddy, who is chief of engineering operations at UAC’s 
the board of UAC, both took part in the luncheon 
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SAE’S WRIGHT BROTHERS AWARD was 
presented to Charles H. Zimmerman (right) 
for his paper “Some General Considerations 
Concerning VTOL Aircraft’ presented at the 
April 1956 SAE National Aeronautic Meeting. 
This paper was adjudged by the Wright Broth- 
ers Medal Board of Award as the best contribu- 
tion on an aeronautic subject presented at an 
SAE meeting during 1956. William B. Bergen 
(eft), chairman of the 1956 Wright Brothers 
Award Board, made the presentation. 





Zimmerman, one of the pioneers of VTOL 
aircraft, was recently appointed to a two-year 
term on the Army Scientific Advisory Panel by 
Wilber Brucker, secretary of the Army. (Addi- 
tional information on the Wright Brothers 
Award can be found on p. 90 of the April, 1957 
issue of SAE Journal.) 






















HARRY F. GUGGENHEIM (center) accepts the 
Fiight Safety Foundation, Inc., certificate of the 
Laura Taber Barbour Award from J. Carlton Ward 
Jr. (right), Chairman of the Award Board. Dr. 
Clifford E. Barbour Sr. (left), award donor, looks 
on. 


The award, in honor of the memory of Laura 
Taber Barbour who died in 1945, was created to 
recognize notable achievement in the promotion of 
safety in flight. 


The award, which consists of a gold medal, a 
certificate, and a cash honorarium, was presented 
at the SAE Air Transport Luncheon. 





















MRS. NORMAN PATCH (CENTER) AND MRS. ANN RENTSCHLER ACCEPT THE DANIEL GUGGENHEIM MEDAL 
and Certificate of Award, awarded posthumously to Frederick B. Rentschler, from SAE Past-President Edward P. War- 


ner, Chairman, 1956 Board of Award. Mrs. Patch and Mrs. Rentschler are Rentschler’s daughters. 
was made at the SAE Aircraft Propulsion Luncheon. 


The presentation 


Rentschler was among the first to conceive of the aircooled radial engine as a major contributor to the solution of avia- 


tion’s powerplant problems. 


That was in the early 1920’s. Twenty-five years, and several 
hundred thousand engines later, the output of the aircooled 
radial had increased from 200 hp to 3000; and tne engines that 
Rentschler had inspired were powering a large proportion of the 
world’s airliners. 


At that point, in effect, he began again. The coming of the 
turbine brought new methods, new possibilities, and new prob- 
lems. Such were Rentschler’s versatility, adaptability, and en- 
gineering and managerial capacity, that within a few short years 
he became a leader in the new art as he had long been a leader 
in the old. 


This is the first time that the Daniel Guggenheim Medal has 
been awarded posthumously. The Board of Award, in making 
its decision, wished to pay tribute to the memory of a great 
leader of the aeronautical world and a great contributor to its 
development. (Additional information on the Guggenheim 
Award can be found p. 90 of the April, 1957 issue of SAE 
Journal.) 
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up around luncheon tables and at 
other gathering places about the 
Meeting, the guesses were that 
high-energy fuels—probably those 
coming from the newly announced 
boron-processing facilities or fuels 
incorporating powered aluminum 
or magnesium—were assumed for 
the turbojets and the ramjets. 

The papers on supersonic en- 
gines also stimulated airline engi- 
neers to engage in corridor con- 
versations about huge supersonic 
transports powered by maybe 
several score of the little turbojets. 
They weren’t entirely kidding, 
either. They explained that just 
stepping over from the subsonic 
to the low supersonic range of 
speeds isn’t wise. Local airflows 
are in the difficult transsonic 
range until airplane speed is 
around Mach 1.4. And to reap 
real economic advantage, studies 
show, transports will have to 
cruise at Mach 2 or better. 

That day is, of course, far be- 
yond the coming generation of 
high-subsonic transports. Yet 
there will probably not be eco- 
nomic justification for an inter- 
vening generation of transports. 
So the soon-to-be-delivered trans- 
ports like the Boeing 707 and the 
Douglas DC-8 are expected to be 
flying for a long time—maybe 
100,000 hr, which is twice what 
even most long-service DC-3’s 
have logged today. 


Frangible Turbine Blades 


That’s why airline engineers 
were so interested in developments 
like frangible blading for an air 
turbine drive. If a blade fails in 
fatigue—or for any other reason— 
and part of it leaves the wheel, 
the imbalance and perhaps the 
flying fragment cause the remain- 
ing blades to sheer off at the pins 
that fasten them to the disc. Be- 
cause the blades are small and 
made of titanium to keep them 
light in weight, their fragments 
have little kinetic energy ai‘ are 
easily contained in a thin, lght- 
weight shell. There’s no danger 
of a bursting turbine injuring hu- 
mans aboard or damaging air- 
plane structure, yet there’s no 
weight penalty. 

Of course, there was constantly 
implied recognition of the need 
for reliability as well as provision 
for safety in case of failure. 

The bypass engine as exempli- 
fied by the Rolls-Royce Conway 
was recommended on the basis of 
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J. H. CARMICHAEL ac- 
dressed the Air Transport 
Day luncheon on the subject 
of “Turbine Transport.” » He 
was introduced by toastmas- 
ter Stuart Tipton, president 
of the Air Transport Associa- 
tion. 


CAPITAL LIKES ITS VIS- 
COUNTS, emphasized J. H. 
Carmichael to his audience 
at the Air Transport Day 
luncheon. Besides being 
moneymakers, the turboprop- 
powered, British-built air- 
planes are easy to fly, cheap 
to maintain, and favorites of 
pilots and passengers, he said. 


Every profitable mile Capi- 
tal Airlines flew in 1956, ac- 
cording to Carmichael, its 
president, it flew with Vis- 
counts. Capital made a 
profit of almost $3.7 million with its Viscounts, even though it wound 
up $2.8 million in the red for the year’s overall operations. Direct op- 
erating cost for the Viscounts was 76¢ per mile; indirect operating 
cost was 69¢ per mile. Break-even load factor was 54.1%—or 23.8 
passengers. 


As of April 1, the 60-odd-plane fleet was averaging 8 hr and 41 
min per day utilization, despite the high weather minimums in force 
while flight and ground crews are getting used to the new equip- 
ment. Time between overhauls for the Rolls-Royce Dart engines is 
now 1500 hr, and Capital is in the process of obtaining CAA approval 
of 2000-hr intervals. The engines’ manufacturer has approved 2200- 
hr intervals. 


As of March 1, the airline had flown 474,000 hr with the Darts and 
had not once had to tear down an engine because of a failure. In 
that period of operation, only 32 prop featherings—three of them 
due to flame tube failures—had been experienced. Only 19% of the 
mechanical delays suffered by the Viscounts were attributable to the 
engines, Carmichael said. He added that in his line’s newest piston- 
engine type, 57% of the mechanical delays were attributable to en- 
gines. 


Over 600 Capital pilots have been checked out on the Vickers- 
built Viscount. They report it has good “feel,” is maneuverable, re- 
sponsive, easy to handle in bad weather. They appreciate it that 
the pre-take-off checklist has only 84 items—instead of the 104 
items for the planes most of them had been flying previously. Trans- 
Canada Airlines helped with the training of both pilots and main- 
tenance personnel, Carmichael said. 


For added passenger comfort on the ground, Capital has added a 
freon cabin cooling system and Janitrol heaters. Copper brake plates 
gave trouble, so the heavier steel plates are again in use. After the 
Viscount accident in England on March 14, Capital inspected the 
flap attachment bolts of all 29 of its Viscounts that had reached a 
certain range of flying hours. The whole program took only 72 hr, 
Carmichael noted proudly. 





Military Aircraft Day Luncheon 


JUST ABOUT TO TAKE OVER PODIUM is Rear-Admiral Rawson 
Bennett (left), who was introduced by toastmaster Dr. C. C. Furnas, 
chancellor of the Universit of Buffalc 


SPEAKING ON “SCIENCE, SPACE, AND SATELLITES” Rear-Ad- 
miral Rawson Bennett, chief of the Office of Naval Research, told 
guests at the Military Aircraft Day luncheon that the Vanguard 
Project’s earth satellite will tell us much about our planet and the 
region of space it inhabits. 


Tracking the satellite may give us better measurements of the size 
and shape of the earth and distances between points on the earth, 
he said. A second output of the tracking program will be measure- 
ment of the drag on the satellite. From this, we should be able to 
figure out the density of the atmosphere at that height. 


To evaluate temperatures on the outside and inside of the satel- 
lite, miniature temperature gages have been designed that can eval- 
uate temperature changes from 300 F down to -— 220 F, Bennett re- 
vealed. 


There’s a limit to how much instrumentation can be crammed into 
a sphere less than 2 ft in diameter, Bennett observed. But the prep- 
arations for placing one earth satellite in orbit can be used for sub- 
sequent ones instrumented to send back additional data. Ultra- 
violet and x-rays from the sun, for example, could be obtained and 
compared with weather conditions on earth to see if there is any 
apparent correlation. Measurements of the earth’s magnetic field 
above the atmosphere could be taken to provide knowledge impor- 
tant to radio communications. 


Engineers have already moved into the Air Force Missile Test 
Center in Florida to set up equipment, Bennett said. Soon they will 
begin tests that will lead to a satellite launching attempt. In fact, 
the first series of test rockets has already been fired. 


Soon we will actually be exploring the world of space, the Admiral 
promised. 


expected superior reliability as 
well as lower fuel consumption by 
two of its proponents. 

Discussions of jet reversers gave 
airline engineers assurance that 
adequate thrust braking systems 
for their turbojet aircraft would 
be available by the time jet trans- 
ports are ready for service. 


Turbine Fueling Facilities 


Facilities for handling turbine 
fuel at airports will have to be 
somewhat different from those for 
aviation gasoline. That’s because 
in turbine fuels, contaminants 
settle more slowly and because 
turbines have an even lower toler- 
ance for water than piston en- 
gines do. Three suggestions for 
handling turbine fuels were ad- 
vanced: 


1. Provide enough tanks so that 
after delivery to a tank the fuel 
has sufficient time for particulate 
contaminants to fall to the bot- 
tom before fuel is drawn for use. 


2. Draw fuel out of the storage 
tank via “floating suction” to 
avoid taking sediment. 


3. Use a combination water sep- 
arator and micronic filter, both 
when filling the storage tank and 
when drawing from it. 


Fuel is consumed at such a tre- 
mendous rate in thirsty turbojets 
that continuous fuel management 
will become essential. Proposed 
at the Meeting was a means of 
computing optimum Mach num- 
ber, altitude, and turbine engine 
pressure ratio for best range. All 
three are to be displayed on the 
instruments now registering these 
parameters. 


Airborne Computers 


Noting that the same flight 
parameters are used for cruise 
control and for navigation, fire 
control, and other purposes, other 
speakers recommended installa- 
tion of one central airborne com- 
puter to handle all these needs. 

With this degree of automation, 
one Meeting participant observed, 
the pilot becomes merely a moni- 
tor, and the distinction between 
“manned” aircraft and missiles 
becomes one that may be argued 
in future SAE sessions. 
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AT THE DINNER stewardesses from |2 airlines distribute: 
and boutonnieres. The girls and their flowers were from Air France, 
American Airlines, Braniff International Airways, Capital Airlines, 
Eastern Air Lines, KLM, Northeast Airlines, Northwest Airlines, Pan 
American World Airways, Trans-Canada Airlines, Trans World Airlines, 
and United Air Lines. Shown here receiving flowers from TWA stew- 
ardess are M. G. Beard, chairman of the dinner-dance, and Mrs. R. E 
Johnson, wife of the SAE vice-president for the Aircraft Powerplant 


Activity 


SAE Vice-Presidents and Meetings Vice-Chairman 


1 Corsages 










Meet to Plan Technical Sessions for the Future 





JOSEPH FAMME AND HARRISON HOLZAPFEL, vice-presi- 
dent and meetings vice-chairman, respectively of the SAE 
Aircraft Activity. Holzapfel is also general chairman of the 
SAE National Aeronautic Meeting to be held in Los Angeles 
in October. He appeared at the meeting of each of the three 
SAE aeronautic Activities to review plans for the fall 
Meeting. 
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JACQUES ELSNER of Air France with Walker Gilmer, Air 
Transport Activity meetings vice-chairman who substituted 
for the Activity's Vice-President William Lawrence. Engi- 
neers from foreign airlines were specially invited to part 
pate in the events of the Meeting 


R. E. JOHNSON, SAE Vice-President for the Air- 
craft Powerplant Activity; Muir Frey, Vice-Presi- 
dent for Engineering Materials; and Eugene M 
ganiello; meetings vice-chairman for A 
Powerplants 



















570 Engineers 
Attend Aero Production Forum in 


RODUCTION engineers from all 

parts of the country gathered 
in New York to attend the SAE 
Aeronautic Production Forum 
held as part of the Aeronautic 
Meeting. 

Subjects included industrial 
readiness, shortening the lead 
time cycle, manufacturing facili- 
ties for tomorrow, manufacturing 
research, developing human re- 
sources for production, and prod- 
uct reliability. 

Sponsor of the 1957 Forum was 
G. M. Bunker, chairman of the 


board and president of Martin Co. 
The chairman of the Forum was 
G. T. Willey, vice-president, man- 
ufacturing, Martin Co. 


Production Engineers Stress 
Designing for Reliability 
MANUFACTURERS are beginning 
to realize that reliability must be 
designed into a product and be 


assured by quality control. Op- 
erators, of course, must stay 
within the product’s operating 


specifications if they expect to 
obtain this built-in reliability. 

This interesting information 
evolved at the panel session on 
Product Reliability. 

Further discussion revealed that 
at least two new methods for in- 
suring quality are being investi- 
gated. One is the application of 
X-rays (both straight and diffrac- 
tion type) to determine or meas- 





AERONAUTIC PRODUCTION FORUM LEADERS: (left to right) C. W. Gold- 
beck, |. S. Mason, and R. A. Winblad get some last minute tips from G. T. Willey 


(far right), forum chairman 
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ure fatigue. The hope is for de- 
velopment of a method which will 
predict the failure of a part due to 
fatigue. 

The application of nuclear radi- 
ation for detecting parts defects 
also appears to have great poten- 
tial because of its adaptability and 
portable advantages. Using nu- 
clear energy aS a measuring or 
gaging tool also has distinct pos- 
sibilities. 


Engineers Predict Mach 10 
At 150,000 ft within 10 Years 


WITHIN 10 years, airplanes may 
be flying at speeds of Mach 10 at 
altitudes of about 150,000 ft. 
That’s one prediction a panel ses- 
sion on Manufacturing Facilities 
for Tomorrow disclosed. New ma- 
terials and manufacturing facili- 
ties will be needed to meet these 
demands. 

Aluminum alloys will find their 
use limited in the future to the 
300-400 F temperature range or 
speeds of Mach 2.2-2.4. Titanium 
will probably find use in the 600- 
1000 F range for speeds of Mach 
3.5-4.5 at altitudes of 50,000-100,- 
000 ft. The hard-type steels will 
take over in the 800-1200 F range 
—speeds of Mach 5-6 at altitudes 
of over 100,000 ft. And Inconel 
will probably be the wonder metal 
for the 1500-1700 F temperature 
range or speeds of Mach 10 at 
150,000 ft. 

New machining methods will 
have to be developed to produce 
the desired configurations for to- 
morrow’s airplanes. Numerical 
tooling appears to have great po- 
tentials here. Because chip re- 
moval is costly with these expen- 
sive metals, disintegration types 
of machining may also find in- 
creased use. The hope, of course, 
is that forgings will be made to 
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New York 


tolerances such that machining 
will be needed only as a finishing 
operation. 


Industry Asks for a 
Realistic Defense Program 


THE development of a realistic 
industrial defense program is 
sorely needed in the United States 
today, reported the panel session 
on Industrial Readiness. This 
program must provide for evacua- 
tion, survival, and continuity of 
management. 

The present Industrial Defense 
Program, industry complains, is 
neither current, decisive, or even 
in agreement between the armed 
services. 

Industry claims it has not been 
kept informed about the program 
nor given the needed financial as- 
sistance necessary to make such a 
program successful. 

This situation emphasizes the 
need for greater cooperation 
among the armed services, public 
enlightenment, official participa- 
tion, and a decision as to who will 
pay for this industrial readiness. 
At present, such funds do not 
exist. 


New Methods and Techniques 
Help Shorten Lead Time 


PRIME contractors are overlap- 
ping functions to reduce directly 
the lead-time cycle. Improved 
methods, techniques, and proce- 
dures are being used to shorten 
flow times. 

Out of the discussion at the 
panel session on Shortening the 
Lead-Time Cycle came the news 
that prime contractors are using 
preplanning, the overlapping of 
functions, and the project-team 
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DISCUSSING CURRENT PRODUCTION PROBLEMS are G TW’! 


ley (left t.-Gen. C. S. Irvine, Deputy Chief of Staff, Materie 
United States Air Force (center). and G. M. Bunker. chairman of 
the Board and president of Martin Co. Willey was chairman of th 


Aeronautic Production Forum, Irvine guest speaker at the forun 
luncheor and Bunke r sponsor of the forun and toastmaster at the 


incneor 


“Our competition is closing in on us and it will take dedicated, 
creative thinking from every scientist, engineer, and production man 
in the country to keep the narrow lead we now enjoy,” Lt.-Gen. C. 
S. Irvine, Deputy Chief of Staff, Materiel, USAF, told a luncheon 
meeting of the SAE Aeronautic Production Forum. 


Irvine pointed out that in the future people must do, with tools 
and materials, what yesterday was considered impossible. This can 
only be achieved through improved use of engineering efforts. Em- 
phasizing that engineering and design output must be integrated 
early in the development period, Irvine stated that aerodynamic and 
materials engineers, tool designers, and electronic specialists must 
maintain close and constant liaison with each other so that system 
compatibility and performance are assured from the outset. 


In the past there has been a tendency to compartment these var- 
ious engineering facets. This has provided maximum performance 
of separate components many times, but too often resulted in nu- 
merous modifications before the total weapon system could perform 
its function properly. . “we can no longer tolerate that type of 
effort nor the resulting time delays and cost over-runs.” 


Irvine praised the weapons system concept of procurement for its 
integration of engineering efforts and revealed that this concept is 
producing better equipment in far less time than under former op- 
erating arrangements. 


Irvine urged scientific application of advanced electronic computers 
to expedite engineering solutions. Also suggested was maximum use 
of standardized components in the design of weapons systems. 


“We are well aware,” he said, “that it is very difficult for the vast 
number of engineering staffs to stay abreast of what is taking place 
in all the laboratories and drafting rooms across the nation. But 
through exchange of information as conducted by the Aircraft In- 
dustries Association and Armed Services Technical Information 
Agency, efforts are being made to increase the dissemination of new 
information. Full use of this information, whenever it can be ap- 
plied, will save untold man-hours.” 






























































re ee AN AMUSING STORY at the forum luncheon are |. E. Adams (left 
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concept as means of shortening 
the lead-time cycle. 

Numerical tooling is helping to 
shorten lead time, as are data re- 
duction and simplified drawings. 
One of the thorns, however, to 
shorter cycles is the final test 
stage. Testing and its complexity 
is increasing. So the next major 
target for the prime contractors is 
the shortening of test procedures 
without sacrifice in reliability. 
Such a development would do 
much toward shortening the over- 
all lead-time cycle. 


Better Communications 
Needed by Researchers 


POOR communications is slowing 
research work in this country, 
said a group of engineers at the 
panel session on Manufacturing 
Research Development. New tech- 
niques are being tried, however, 
to solve the problem. 

Engineers in the laboratory are 
not getting the information nec- 
essary to make best use of their 
engineering resources. Reporting 
procedures are poor and sketchy 
and there is not enough inter- 
change of research information 
between companies. 

To remedy this situation, com- 
panies are getting away from de- 
partmentalizing too strongly in 
the hope that men working in 
closer cooperation with each other 
will result in better communica- 
tions. In addition, information 
meetings are being held for the 
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ce-chairman for meetings of the Produc- 
ice-president for Production Activity 


sole purpose of information ex- 
change. Some companies are 
holding classes on the proper 
writing of reports. 

The trend today is for the broad 
engineer who can be concerned 
with all phases of a problem. To 
do his job properly he must re- 
ceive all phases of communica- 
tion. 


Aircrafts Offer 
Challenge to Engineers 


AIRCRAFT manufacturers are at- 
tempting to “hold” engineering 


personnel by providing challenges 
commensurate with each engi- 
neer’s ability. In addition, op- 
portunities are being given to the 
hourly worker to advance into po- 
sitions with technical responsi- 
bility. 

These new trends in human re- 
lations were discussed at the 
panel session on Developing Hu- 
man Resources. 

Aircraft manufacturing com- 
panies are trying to reduce the 
relatively large turnover of engi- 
neers by constantly providing 
them with new challenges to their 
abilities. Surveys indicate that it 
is the lack of challenge and op- 
portunity, rather than money, 
which causes the engineer to leave 
a company in most cases. 

Rotation of jobs is being done 
to give the engineer a taste of the 
various facets of aircraft engi- 
neering. Training programs are 
provided for potential manage- 
ment men and further education 
at local universities (evening ses- 
sions) is encouraged. An atmos- 
phere is being created which 
makes the engineer feel he is part 
of the job. 

The shortage of engineers has 
amplified the need for advancing 
the hourly worker into more tech- 
nical positions as he progresses in 
ability. He is offered training 
programs to further his abilities 
and is given status, both in money 
and title, as he progresses up the 
line. These incentives have cre- 
ated an atmosphere toward in- 
creased productivity on the part 
of the worker. 


Aero Production Forum Leaders 
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manager, marketing production 
ngineering department, General Electric Co 
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FOR THOSE who want to “brush up” on their design knowledge here is an elemen- 
tary treatment of the basics—and how to make use of them in designing for strength. 


HEN we talk about designing for strength, the 

first concept that comes to mind is that of stress. 
STRESS is defined as the load on a part divided 
by the area of the cross-section which supports the 
load. There are two kinds of stress: static and 
dynamic. STATIC STRESS means that the load is 
applied once and does not change with time. Good 
examples of this are the Sphinx and pyramids of 
old Egypt. 

When we have static stresses there are two kinds 
of failures that can occur: a brittle type, and a 
yielding type (bending). Often, of course, the two 
are combined. That is, the part yields first and 
then breaks. The common rubber balloon is a good 
example here. 

The rules that apply for static stresses are pretty 
well understood. For example, with steel we have 
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ed on paper by Me. ©. BarMes, catervitiar 1 


a simple straight line relationship between the 
brinell hardness of the steel and its strength. This 
doesn’t concern us too much, however, because 
static stresses in machinery are more or less un- 
usual and are comparatively easy to calculate or 
evaluate by testing. 

But DYNAMIC STRESSES are a different story. 
We encounter these in almost every kind of machin- 
ery made, and they’re important because of some- 
thing known as fatigue. FATIGUE means that a 
part can break in two at a load much lower, perhaps 
about half of that required to break it under static 
stress. A fatigue failure is always of the brittle 
type. 

For steel the fatigue strength follows a simple 
pattern known as the S-N curve (Fig. 1). The hori- 
zontal scale represents the number of cycles or 
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S-N CURVES 
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Fig. 1—The S-N curve provides a simple method of determining the 
fatigue strength of steel for any load frequency. 


number of times the load is applied. The vertical 
scales indicates the stress on the part. The area 
above the line represents a failure and the area be- 
low the line indicates a safe condition. This curve 
shows that when the load is applied only a few times, 
a part can withstand a much higher stress without 
failure than if the load is applied more often, say 
1,000,000 times. 

The slope of the S-N curve levels off somewhere 
around 2,000,000 cycles, and if a part lasts 10,000,000 
cycles there is a very good chance that it will never 
fail under load. Note on the curve, however, that 
a notch in the part reduces its fatigue strength. 
This is because of a stress concentration at the 
notch. To visualize this condition, assume that 
stress wants to flow in straight lines like the water 
in a stream. If a notch is put in the way, the flow 
lines have to bend around it. This concentrates the 
stress about the notch. How much this condition 
reduces fatigue strength depends on the sharpness 
of the notch and also on the material. 

Most fatigue tests are made with the load fully 
reversed which, in machinery, is usually not the 
case. To determine the effect of the steady load 


THE GOODMAN DIAGRAM 
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Fig. 2—The Goodman diagram indicates the effect of the steady load 
component on a part. The shaded area represents the range of safe 
loading. 
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component we refer to a simple diagram called the 
Goodman diagram (Fig. 2). In this diagram the 
fatigue limit is plotted plus and minus from the zero 
line at the left. At some arbitrary distance to the 
right, the ultimate strength is plotted, and from 
this point lines are drawn to the zero point and the 
plus and minus limits of the fatigue strength. 
Then, since yielding is considered as failure, we 
lop off the top of this curve at the yield strength 
and trim off the bottom to make the area symmet- 
rical about the mean stress line. The shaded area 
on the diagram then represents the range of safe 
loading. For steel, in most cases, this area has a 
tendency to bulge somewhat as indicated by the 
dotted line. 

Now let’s suppose you have built a machine. You 
have calculated all the stresses, made them safe ac- 
cording to what has been said so far, and yet the 
machine breaks the first time it is tried. The reason 
for failure is probably VIBRATION. To better un- 
derstand what happens, visualize a weight sup- 
ported by a rubber band, the end of which is at- 
tached to an arm capable of being moved up and 
down at an infinite number of speeds. 

If the arm moves up and down very slowly the 
weight merely follows along without any extra 
stress on the rubber band. If the arm moves very 
rapidly, the weight practically stands still and the 
change in stress on the rubber band is very small. 
However, if the arm moves at just the right fre- 
quency (the resonant frequency), the amplitude of 
motion of the weight becomes very large and the 
rubber band will break. 

Much the same thing happened to your machine, 
the frequency of vibration reaching a critical point 
where the forces were great enough to cause dam- 
age. 

Now let’s visualize a TORSIONAL VARIATION 
of this same phenomenon. Imagine three flywheels 
connected by flexible shafting. If we turn one end 
of this system very slowly the other end follows 
with very little twist of the shaft. If we turn 
rapidly, very little motion is transmitted to the 
other flywheels. But, again, if we find the right 
frequency, the amplitude at the far flywheel be- 
comes very large, indicating the resonant condition. 


Designing for Strength 


Now that some of the basics of design have been 
covered, let’s look at some of the methods available 
for increasing the strength of the design. 

First, however, we must check the vibration to 
which the design will be subjected. Because if we 
don’t know the vibration we don’t know the stress, 
and if we don’t know the stress we obviously can- 
not know how strong to make the part. There are 
instruments on the market and skilled people avail- 
able to make this analysis. 

If the analysis reveals a weak spot, the thing to 
do is to add material. A heavier part is a stronger 
part. There are times, however, when this is im- 
possible, either because the space isn’t available or 
because we can’t afford the additional weight. 

If we can’t add material, we can always try a 
harder material. Fig. 3 shows a number of strength 
curves for steel. Note that in almost all cases the 
fatigue strength of the material increases with 
hardness. (The only exception here is the rough 
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Fig. 3—Fatigue strength increases as the hardness of a material in- 
creases. Also, the smoother the finish, the greater the fatigue strength. 


forged surface which becomes weaker at hard- 
nesses above Rockwell C45.) 

The same curve shows another way of strength- 
ening a design. Notice that for any hardness, the 
smoothest surface finish gives fatigue strengths al- 
most three times greater than the roughest finish. 
This is why the connecting rods and crankshafts in 
aircraft engines are machined and polished all over, 
and sometimes this may make the difference be- 
tween a successful part and failure in a design. 

Somewhat related to surface finish are notches 
and fillets. A large, smooth fillet always gives 
greater strength than a sharp notch. Im fact, a 
sharp notch may reduce the strength of a part in 
fatigue by as much as two-thirds. 


Case-Hardening Provides Double Benefit 


Case-hardening increases the strength of a part 
by taking advantage of residual stresses. This con- 
dition results in a double benefit—increased 
strength at the surface because of the harder mate- 
rial, and increased fatigue strength due to compres- 
sive residual stresses in the carburized layer. 

Rolling the surface of a part provides a similar 
increase in strength. We all know that baking 
dough increases in area when it is rolled. Well the 
surface of a steel part tries to do the same, but 
since it is fastened to the material beneath is un- 
able to do so and is left in a state of compressive 
residual stress. This improves its fatigue strength. 
In addition, rolling work-hardens the surface, 
which further increases the fatigue strength. 

Shotpeening the surface of a part gives exactly 
the same results as rolling. Which method to use 
is strictly an economic choice—that is, with the ex- 
ception of parts whose irregular shapes prohibit 
rolling. At times, rolling or peening as much as 
doubles the fatigue strength of a part. 

One additional way to strengthen a design is by 
avoiding such stress concentrators as fretting and 
press fits. 

The shaft shown in Fig. 4 has a sharp cornered 
keyway which logically would be expected to be the 
source of any fatigue failure. However, the wavy 
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Fig. 4—Stress concentrations caused by fretting made this part fail. 





lines on this part show that failure actually started 
on a perfectly smooth round surface. The dark 
area indicates fretting, and since failure occurred 
at this point, we have proof that the fretting was a 
greater stress concentrator than the sharp cor- 
nered keyway. When there is a possibility of two 
parts rubbing together, we must either clamp them 
together so tightly that fretting cannot occur, or 
else keep the stress low enough to allow for the 
stress concentration that will be present. 

A press fit is also a severe stress concentrator. 
Note in Fig. 5 that the shaft acts as if it were made 
of rubber with the part pressed over it squeezing it 
down in size and causing a physical notch at the 
edge of the pressing part. In this case the press 
fit is almost as bad a concentrator as the filleted 
shoulder shown at the right end of the shaft. 

(Paper, “Designing for Strength,” on which this 
abridgment is based is available in full in multilith 
form from SAE Special Publications Department, 
485 Lexington Ave., New York 17, N.Y. Price: 35¢ 
to members; 60¢ to nonmembers). 





Fig. 5—Press fits are another stress concentrator which reduce the 
fatigue strength of a part. 
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EDWIN H. WALKER has been 
elected president and general manager 
of General Motors of Canada, Ltd. 
Walker first reported to McKinnon In- 
dustries, GM subsidiary, in 1929 while a 
student at GM Institute at Flint. 
He became a full-time employee and 
served as an inspector, foreman of 
inspection, in Delco operations, and 
later superintendent. For two years 
Walker was assistant to the general 
manager and in 1953 was named presi- 
dent and general manager of McKin- 
non. 

He now serves as SAE vice-chairman 
of SAE Canadian Section. 


WILLIAM A. WECKER, previously 
president of General Motors of Canada, 
Ltd., is retiring after 21 years of serv- 
ice, nearly 12 of which he served as 
head of GM of Canada. Before join- 
ing GM in 1936, Wecker was president 
and general manager of Hayes Wheels 
and Forgings, Ltd., Chatam, Ont., and 
also was president and general man- 
ager of McKinnon from 1941 to 1943. 

Wecker is a past-chairman of SAE 
Canadian Section. 


E. JOHN BARBEAU has been elected 
president and general manager of Mc- 
Kinnon Industries, Ltd., to succeed 
Walker. Barbeau joined McKinnon in 
1934 as a clerk and subsequently was 
made superintendent of forge opera- 
tions; foundry assistant general super- 
intendent; superintendent of the 
foundry. In 1954 he was named manu- 
facturing manager at McKinnon’s 
Grantham Township plant and factory 
manager in 1956. 


WILLIAM C. NEWBERG, group vice- 
president—automotive, Chrysler Corp., 
has accepted the chairmanship of the 
Automotive Division of the National 
Fund for Medical Education. In ac- 
cepting the appointment, Newberg 
stated that his committee would seek 
to enlist the support of all automotive 
companies. 

Serving with Newberg are the fol- 
lowing SAE members: COL. WILLARD 
F. ROCKWELL, chairman, Rockwell 
Spring and Axle Co.; S. D. DEN UYL, 
president, Bohn Aluminum and Brass 
Corp.; JAMES P. FALVEY, president, 
Electric Auto-Lite Co.; ROY C. FRUE- 
HAUF, president, Fruehauf Trailer 
Co.; GEORGE A. HANSMAN, presi- 
dent, Triad Metal Products Co.; 
ARTHUR W. KIMBELL, president, 
United-Carr Fastener Corp.; and 
CHARLES W. PERELLE, president, 
American Bosch Arma Corp. 


FRED M. POTGIETER, since 1946 
vice-president of Mechanics Universal 
Joint Division of Borg-Warner Corp. in 
Rockford, Ill., has opened a consulting 
engineers office in Rockford, Il. 


PHILIP C. SERVAIS, was a featured 
speaker before the International Syn- 
thetic Rubber Symposium in London, 
England, March 26-28. Servais is man- 
ager of the Silastic section, Product 
Engineering Laboratories at Dow Corn- 
ing Corp. 
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About SAE 


Newberg 


Pelphrey Badencoch 


Burke Braendel 


SAE Past-President A. T. COLWELL, 
vice-president of Thompson Products, 
Inc., received a distinguished service 
award last month from the Cleveland 
Technical Societies Council. Presented 
for Colwell’s having contributed 
“greatly to the advancement of the en- 
gineering profession over the years,” 
the award was made on the occasion of 
the CTSC’s eleventh annual banquet. 
Noting Colwell’s many contributions to 
engineering, the citation continues “on 
the annals of his chosen profession, 
his name is written large and with 
distinction.” 


JULIUS A. LUCAS has been named 
manager of field sales, Goodyear Tire 
and Rubber Co. He will have charge 
of customer contact in Milwaukee and 
Chicago as well as Detroit. 

ROBERT C. GANNETT, previously 
in overall charge of automotive foam 
products and floor mat sales, is now 
manager of automotive trim materials 
for the company. 

Both Lucas and Gannett, in 1945, 
joined Goodyear’s manufacturers’ sales 


Potgieter Servais 


Lutz Cockrem 


operations from other areas of the 
company. 


JOSEPH PALSULICH will represent 
Cleveland Graphite Bronze Co., divi- 
sion of Clevite Corp., as west coast 
sales manager. Since September he 
has represented Cleveland Graphite 
Bronze in the four-state area of Wash- 
ington, Oregon, California, and Ari- 
zona. 


H. PELPHREY, formerly chief re- 
search engineer of Michigan ‘Tool Co., 
Detroit, has been appointed director 
of engineering research. He joined the 
company in 1929 and has served as 
chief research engineer since 1939. 


BEN W. BADENCOCH has been 
named general manager of the new 
Aero Hydraulics Division, Vickers Inc. 
Previously he was manager of Aircraft 
Products Sales, Vickers Inc. 

M. A. HAYDEN, formerly general 
manager of the Waterbury Tool NDivi- 
sion of Vickers Inc., Waterbury, Conn., 
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Cotter 


Wernig 


has been made general manager of the 
recently created Machinery Hydraulics 
Division. 

W. F. DRIVER has been appointed 
general sales manager of the Machin- 
ery Hydraulics Division. Prior to this 
appointment he was manager, Indus- 
trial Products Sales, Vickers Inc. 

RAY CONNER will head the new 
Mobile Hydraulics Division as general 
manager, changing from the post of 
general manager of the Automotive Di- 
vision of Vickers Inc. 


LEON H. FISH, formerly central dis- 
trict manager for Solar Aircraft Co., 
has been named to a newly created 
executive position as assistant to the 
president of Acme Precision Products, 
Inc., Dayton, Ohio. 


BERNARD R. WEBER has been 
elected vice-president for engineering 
and manufacturing, the Fulton Co., 
West Allis, Wis. He joined Fulton in 
1940 as chemical engineer and ad- 
vanced progressively to chief engineer. 
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Palsulich 


Cuthbert 


Gamble 


In 1954 he was elected a director of the 
company. 


HARRY CUTHBERT has recently 
been appointed to serve as installations 
engineer for industrial engines at Avco 
Lycoming, a division of the Avco Mfg. 
Corp. Previously Cuthbert was with 
Douglas Aircraft, Inc., where he served 
as powerplant designer. 


CARROLL J. LUCIA is now deve'op- 
ment engineer, advanced design sec- 
tion, Automotive Transmission Divi- 
sion, Ford Motor Co. Formerly he was 
manager, driveline section, Packard 
Engineering, Packard Division, Stude- 
baker-Packard Corp. In his new posi- 
tion, in addition to product develop- 
ment and testing, he will handle design 
of fluid devices and control systems. 

Lucia is a member of the SAE Hy- 
drodynamic Drive and Transmission 
Committee. 


WILLIAM J. BURKE, JR., sales 
manager of the Modine Mfg. Co.’s Au- 
tomotive Division since 1930, has been 
named manager of market planning. 


Burke will be working with new prod- 
uct and market investigation. 

In 1929, Burke joined the Modine 
organization as eastern sales manager 
of the company’s Heating and Air Con- 
ditioning Division. 


HELMUTH G. BRAENDEL, previ- 
ously director of engineering and pro- 
duction for Wilkening Mfg. Co., has 
been named vice-president in charge of 
engineering for the company. 

Braendel worked with Chrysler Corp. 
from 1935 to 1942 when he joined Con- 
tinental Motors, Detroit, as assistant 
and subsequently chief development 
engineer on tank engines. He has been 
with Wilkening since 1945. 

An active member of SAE, he is a 
member of the SAE Diesel Engine Ac- 
tivity Committee. 

JOHN O. LUTZ, formerly assistant 
chief engineer, has been made chief 
engineer at Wilkening. In 1954, Lutz 
came to Wilkening from Baldwin-Lima- 
Hamilton Corp. where he served for 
about eight years as project engineer 
in the design and development of diesel 
engines. 


THOMAS F. COCKREM has been 
assigned from assistant manager to 
manager of the highway transporta- 
tion department for Goodyear Tire and 
Rubber Co. 

In 1937, Cockrem joined Goodyear, 
working on the production and engi- 
neering training squadrons and serving 
as a draftsman and field contact rep- 
resentative in the Research and Devel- 
opment Division. He joined the high- 
way transportation department in 1938, 
holding positions of district and divi- 
sion field manager before appointment 
of assistant manager in 1949. 


JAMES H. WERNIG has been ap- 
pointed to the newly created position 
of general director of product engi- 
neering, process development, produc- 
tion engineering and related activities 
at Fisher Body Division of General Mo- 
tors Corp. 

BART COTTER, assistant chief en- 
gineer, has been named to succeed 
Wernig as chief engineer. 

ROBERT M. McVEIGH, senior engi- 
neer-in-charge, product engineering 
department, takes over the former re- 
sponsibility of Cotter as assistant chief 
engineer. 


D. EDWIN GAMBLE has retired 
from chairmanship of Borg & Beck Di- 
vision of Borg-Warner Corp. He is also 
retiring from the board of directors of 
Borg-Warner Corp. Prior to these 
positions, from 1919 to 1929, he was 
chief engineer of Borg & Beck and 
subsequently president and general 
manager until 1954. He also served as 
chairman of the board, 1955 to 1956. 

Gamble has been a member of SAE 
since 1912 and has served on the Pro- 
duction, and Passenger Car Activity 
Committees and also on a transmission 
technical committee. He is past-chair- 
man of SAE Chicago Section. 


91 





wll 


Johnson 


_ 
Firestone 


= - 


Gadebusch Delaney 


RAYMOND C. FIRESTONE has 
been named president of the Firestone 
Tire and Rubber Co. He joined the 
firm in 1933 and has served in numer- 
ous production sales and research 
posts before becoming executive vice- 
president in 1954 

JAMES E. TRAINER succeeds Fire- 
stone as executive vice-president. 


LLOYD EDWARD JOHNSON, pre- 
viously staff engineer—research de- 
partment, Caterpillar Tractor Co., has 
been made assistant director of re- 
search for the company. He now di- 
rects the advanced powerplants re- 
search pregram. 

Johnson has been active on the Die- 
sel Engine Nomenclature Subcommit- 
tee of SAE Diesel Engine Activity. 


JAMES D. REDDING has been ap- 
pointed general manager of the sales 
and service department at the Westing- 


LEO L. WILLIAMS 


Leo L. Williams, engineering con- 
sultant and member of SAE since 1918, 
died on Oct. 4, 1956. 

Williams was born in 1889 in Ander- 
son, Ind. and began in industry in 1907 
as an engineer of the original Lambert 
friction drive commercial and passen- 
ger bus. Three years later he joined 
the Peerless Motor Car Co. as chassis 
and motor engineer. 

From 1911 to 1917 he was body engi- 
neer and manager for commercial and 
passenger cars at Peerless. In 1917 he 
organized and served as works manager 
for Lang Body Co. 

Williams joined E. J. Thompson Co. 
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Redding 


Beringer 


house Electric Corp.’s Aviation Gas 
Turbine Division. Redding, former 
manager of the headquarters sales de- 
partment of the division, was given the 
temporary appointment as acting man- 
ager of the sales and service depart- 
ment on Jan. 1. 

Redding has served with SAE tech- 
nical committees, including manager 
of the Aeronautics Department from 
1947 to 1949. He was responsible for 
SAE’s efforts in a comprehensive 
standardization program in the field 
of aircraft engines and various other 
important aircraft parts. In 1955, 
Redding was SAE vice-president rep- 
resenting Aircraft Activity. 


J. C. DRADER, present vice-presi- 
dent of Michigan Tool Co., Detroit, has 
been named vice-president, research, 
a new post created by the company’s 
expanding work in the gear develop- 
ment field. 


Obituaries 


in 1921 as works manager, 
passenger car and body business into 


converting 


bus business. Foilowing this, he was 
plant engineer, body designer and pro- 
duction engineer with Chandier-Cieve- 
land Motors Corp. 

From 1929 to 1932 he was Cleveland 
resident body engineer, Hupp Motor 
Car Co. and later became designer, pro- 
duction engineer, and plant layout en- 
gineer with Union City Body Co. 

Williams spent 1936 revamping and 
changing over the Superior Bus Co. 
plant in Lima, Ohio, and then returned 
to the Union City Body Co. 

From 1945 to 1950, Williams managed 
the Window Division of Visionator, Inc., 
Chicago, making bus windows for Gen- 


Drader joined Michigan Tool Co. in 
1916 as a lathe hand and was made 
shop foreman in 1917, general foreman 
in 1921, and chief engineer in 1924. 
From this position he was appointed 
general manager and elected vice- 
president in 1941. 


HANS M. GADEBUSCH is now a 
special projects engineer for the Truck 
and Coach Division, General Motors 
Corp. He joined GM Research as a 
designer in 1925, and, prior to his new 
assignment, was a liaison engineer at 
the GM Technical Center. 


EUGENE B. DELANEY has been 
named branch manager of the newly- 
merged sales offices of Purolator Prod- 
ucts, Inc., Rahway, N. J., and its wholly 
owned subsidiary, Industrial Wire 
Cloth Products Corp., Wayne, Mich. 
Delaney was associated with Ford Mo- 
tor Co. from 1934 to 1947, working on 
their turbo supercharger and ram jet 
engine projects. In 1947 he joined 
Purolator as Michigan and Ohio sales 
representative and in 1955 was ap- 
pointed Detroit branch manager. 


F. BURROWS ESTY, chief engineer, 
has been appointed vice-president of 
the Wisconsin Motor Corp. Esty has 
been with the company since 1948, 
joining as assistant chief engineer and 
becoming chief engineer in 1955. 

Esty is chairman of SAE Milwaukee 
Section’s Program committee. 


GEORGE E. BERINGER has been 
appointed general manager of the air- 
craft products section of the Bendix 
Products Division, Bendix Aviation 
Corp. in South Bend, Ind. He has been 
serving as assistant general manager 
since 1956. 

Beringer joined Bendix in 1936 as a 
project engineer, and in 1946 was made 
chief engineer of aircraft landing gear 
department. He was named assistant 
factory manager in 1950, and factory 
manager in 1951. 

Continued on page 110 


eral Motors Corp. Truck and Bus, Pon- 
tiac, Mich. Since 1950 Williams had 
owned and operated the Sandusky Nut 
Co., Inc., making special threaded nuts 
and studs. 

In his 38 years of SAE membership, 
Williams was active both on the Na- 
tional and Sectional levels. He was 
vice-president representing Body Ac- 
tivity in 1937 and served, from 1943 to 
1948, on the Body Activity Committee. 

Williams seldom missed a Cleveland 
Section meeting and it was he who had 
the original idea in 1925 to start a Sec- 
tion publication. The result was the 
first Section publication, the Cleveland 
Section Junior Journal. 

Continued on page 123 
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Governing Board Members 
To Meet for Round Table Talks 


Discussions on a combination of policy, innovations, and development 
of ideas for SAE activities on the Sectional level will be the keynote for 
the first Section Governing Board Round Table luncheon which is to 
be held on June 5 at the SAE Summer Meeting in Atlantic City. 

Purpose of the round table talks is to serve as a sounding-board for 
Section Governing Board members’ thoughts on Section operations. 

Leading the talks will be a four-man panel consisting of the chair- 
men of the four administrative committees which handle the member- 
ship affairs of the Society—Sections Committee, Membership Commit- 
tee, Placement Committee, and Student Committee, whose chairmen 


ALBERTA 


harles Harrison, deputy fire chief, 

Calgary Fire Department, addressed 
the Alberta Group at the March 25 
meeting. The talk explained all phases 
of fire-fighting and equipment in use 
from the stone age to the present. 


are respectively T. R. Thoren, F. B. Lary, L. O. Ray, and L. L. Otto. 


So. California 


WE. Achor, Field Editor 


Check List 
Found Boon to 
Committee Chairmen 


“First time I ever knew what I should 
do” was a typical response to the newly 
inaugurated idea of a check list for 
the use of the Section Activity chair- 
men. 

The concept was originated by the 
Section’s Governing Board Secretary 
Robert Strasser as a tool to be used by 
the Activity chairman in the coordina- 
tion of all those participating in the 
meeting. 

The Secretary prepares the check 
sheet with “due dates” for each meet- 
ing scheduled, showing when and what 
information is required by the Secre- 
tary and other activities for printing 
of notices, for SAE Journal notifica- 
tion, and for meeting preparations. 

It works like this: when a specific 
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date has been set for a meeting, the 
Secretary makes out the check sheet 
and sends it to the Activity chairman 
—the man who is responsible for mak- 
ing all arrangements for the specific 
meeting involved. 

The check sheet formula includes 
such standard items as: name of the 
Activity chairman who is in charge 
of the meeting; the Activity sponsoring 
the meeting and the type of meeting 
such as dinner, panel, seminar or sym- 
posium; and time and location of the 
meeting. 

It also covers such points as: picture 
of the speaker if it is needed for the 
meeting notice; information needed 
for notice in SAE Journal and its dead- 
line; data to be secured for the meet- 
ing notice and the date it is due; and 
the notification to the field editor of 
the availability of the speaker’s talk 
or paper. 

Also itemized are such details as: 
equipment needed for meeting; head 
table list which includes the names, 
titles, and company affiliations; and 
names of guests to be met. 

A final note on the check sheet ex- 
plains that the indicated dates are con- 
sidered the latest ones in which the 
job can be done adequately while 
earlier receipt of data would be helpful 
to all persons involved. 


MinteveCotnure 


IE 


ééInventions and Patents” was the 
paper presented by Arthur 5S. 
Seidel, Philadelphia and New York 
patent attorney at Philadelphia Sec- 
tion’s March meeting. Discussion cen- 
tered around process methods in Wash- 
ington and the pitfalls of uninitiated 
inventors in securing patents. 


DO YOU KNOW THAT... 


SAE Placement Service is avail- 
able to SAE members and ALL 
employers free of charge 


Over 1,000 copies of SAE MEN 
AVAILABLE are mailed twice 
monthly to our company list and 
the current SAE POSITIONS 
AVAILABLE BULLETIN iists 
hundreds of openings. 


For further details contact: 
SAE Placement Service 
485 Lexington Avenue 
New York 17, New York 


See SAE Roster for your local 
Placement Chairman. 





Section Meetings 


BRITISH COLUMBIA 


May 21... J. H. Booth, chief en- 
gineer, Michigan Division, 
Thompson Products, Inc.—“Hy- 
dro Truck Retarders.” Hotel 
Georgia. Dinner 7:00 p.m. 
Meeting 8:00 p.m. 


June 3... Annual Meeting, Elec- 
tion of Officers. A film on 
“Wheels to the Antarctic” will be 
presented. 


BUFFALO 


May 15... Topic: “Sports Cars.” 
Buffalo Trap & Field Club. Din- 
ner 7:00 p.m. Meeting 8:30 p.m. 
Display Sports Cars & Antique 
Cars at 5:00 p.m. 


CANADIAN 


May 30... Kitchener Meeting. 
Westmount Golf and Country 
Club. Dinner 6:30 p.m. SAE Ca- 
nadian Section members only. 


CHICAGO 


May 14... H. B. Osborn, Jr., 
technical director, Tocco Divi- 
sion, Ohio Crankshaft Co., Cleve- 
land.—“A Good Look at Auto- 
mation.” Hotel Knickerbocker, 
Chicago. Dinner 6:45 p.m. 
Meeting 8:00 p.m. Special Fea- 
tures: Social Half-Hour 6:15 
p.m. to 6:45 p.m. 


May 24... Ladies Night. South 
Shore Country Club. 


CLEVELAND 


May 13... Lt. Col. G. M. Ander- 
son, Atomic Energy Commission. 
—‘“Radioisotopes for Power.” 
Manger Hotel. Dinner 6:30 p.m. 
Meeting 7:45 p.m. 


DETROIT 


May 24 ... Michigan Proving 
Ground, Ford Motor Co., Romeo, 
Michigan. Tour. Speaker: An- 
drew A. Kucher, director, Engi- 
neering Staff, Ford. Toastmas- 
ter: John A. C. Warner, secretary 
and general manager, Society of 
Automotive Engineers, Inc. 


INDIANA 


May 16... Mr. Strope, captain, 
Mercury Racing Team, Mercury 
Division, Ford Motor Co.—“Stock 
Car Racing.” Athenaeum, 401 E. 
Michigan, Indianapolis. Dinner 
7:00 p.m. Meeting 8:00 p.m. 
Special Features: Film on Speed 
Trials at Daytona Beach, Fila. 


METROPOLITAN 


May 17 . Section Dinner 
Dance. New York Athletic Club, 
Travers Island, Pelham, N. Y. 
$8.00 per person. Cocktail Hour 
(Sponsored) 6:30 p.m. Dinner 
7:30 p.m. Dancing 8:30 p.m. 


May 23 ... Long Island Aero- 
nautic Activity Meeting. W. H. 
Sharp, engineering metallurgist, 
Pratt Whitney.—‘“Use of Titan- 
ium in the J-57.” Bethpage 
Country Club, Bethpage, L.I. 
Meeting 7:45 p.m. 


MONTREAL 


May #8... 
General Motors 
Piston Engines.” 


A. F. Underwood, 
Corp.—‘Free 


NEW ENGLAND 


June 3. . Annual Outing. 
Woodland Golf Club Auburndale. 
Dinner 6:00 p.m. 


NORTHWEST 


May 17... J. H. Booth, chief 
engineer, Thompson Products, 
Inc., Michigan Division.—‘Hy- 
dro Truck Retarders.” Stewart 
Hotel. Dinner 7:00 p.m. Meet- 
ing 8:00 p.m. 


PITTSBURGH 


May 16... William St. Germain, 
technical representative, Boeing 
Airplane Co., Industrial Products 
Division, Seattle, Washington.— 
“Application Experience with 
and Future Potentialities of 
Small Gas Turbines.” Wanango 
Country Club. Dinner 6:30 p.m. 
Meeting 8:00 p.m. Special Fea- 
tures: Spring Outing. 


ST. LOUIS 


May 14... Captain D. L. Steele, 
Federal Barge Lines.—‘River 
Transportation and Mainte- 
nance.” Congress Hotel. Din- 
ner 7:00 p.m. Meeting 7:45 p.m. 


SOUTHERN CALIFORNIA 


May 13 . Aircraft Dinner 
Meeting. (Annual Mac Short 
Memorial Award). 


SOUTHERN NEW ENGLAND 


May 17 ... Annual Social Event. 
Rockledge Country Club, West 
Hartford, Connecticut. Dinner 
7:00 p.m. 


WILLIAMSPORT 


June 7... Annual Ladies Night. 
Dinner-Dance. Williamsport 
Country Club. Dinner 7:00 p.m. 


SAE JOURNAL 





AE Student Branch members from 

the City College of New York were 
treated to a talk on the new develop- 
ments in aerodynamics by Vincent 
Tizzio, design specialist of the Republic 
Aviation Corp. on March 21. 

Interest in the field of aerodynamics 
was demonstrated by the large turnout 
among both students and faculty. 


ST. LOUIS 


poems College of Aeronautical Tech- 
nology of St. Louis University, with 
a total of 1182 points as opposed to 
1174 points tallied by Missouri School 
of Mines, was the winner of Saint 
Louis Section’s annual student paper 


& 
¢ 


contest which was held in March. 

As is traditional, the winning team 
was presented the St. Louis Section 
Student Award Banner (shown above) 
which remains a possession of the 
victorious school until the following 
year’s contest. 


From Student Cameras 
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Competition for individual speaker’s 
top-spot honors resulted in a draw be- 
tween Bruce Lewis of Missouri School 
of Mines and William Bracken from 
Parks College. Patrick DeLuca also 
from Parks shared the spotlight as 
third prize winner. 


Principal speaker at the joint meet- 

» ing of the General Motors Institute 

and Michigan State University SAE 

Student Branches was Prof. Louis Otto, 
SAE Student Committee chairman. 


Students from the General Motors 

» Institute and University of Michi- 

gan relax at the joint meeting held on 
March 10 at the Institute. 


Speaker at the Jan. 22 meeting of 
« Chrysler Institute of Engineering 
SAE Student Branch was Carl W. 
Cenzer (left), executive body engi- 
neer, American Motors Corp. Stand- 
ing with Cenzer are R. W. Rockefeller 
(center), assistant director, Chrysler 
Institute of Engineering; and William 
Salisbury (right) Chrysler Institute 
SAE Student Branch chairman. 
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Cameras 


Guest speaker at San Diego Sec- 
» tion’s May 6 meeting was R. T. 
Jackson, sales engineer, Manufacturer’s 
Division, Perfect Circle Corp. 

Jackson opened the meeting by show- 
ing a color sound film entitled “500 
Miles To Go” and then presented a 
talk dealing with the powerplants and 
structural features of cars which 
finished in the money in the 1956 
Indianapolis Memorial Day Race. 


Mid-Michigan Section Program 

« Chairman D. P. Marquis (left) in- 
troduces speakers for the Feb. 4 meet- 
ing Darrell Romick, topic for the eve- 
ning was “The Dawn of the Age of 
Space Flight.” 


As a feature event of the meeting 
+ Martin Caserio (right), Section 
vice-chairman, presented certificates of 
appreciation for over 25 years’ active 
membership in SAE to John Heiss 
(eft), and Ralph Duckworth (center). 


Turbo-prop engine tests was the 

* subject discussed by Major Wil- 
liam R. Stantan (standing) at the 
South Texas Group’s February meeting. 
Major Stantan holds numerous flight 
records in turboprop powered aircraft. 


Seated at the speakers’ table at 
« the South Texas Group Annual 
Student Meeting are left to right: Leo 
Dubinsky, Group treasurer; Dr. Harold 
Vatborg, president, Southwest Research 
Institute; Norman C. Penfold, vice- 
president, Southwest Research Insti- 
tute; Dr. C. G. A. Rosen, consulting en- 
gineer, Caterpillar Tractor Co. and SAE 
past-president, who spoke on “The Ap- 
plication of Gas Turbines to Power 
Systems”; and Ludwig Motulsky, Group 
chairman. 


R. E. Fisher (right), Mid-Michigan 

* Program chairman at the March 

11 meeting is shown with guest speaker 

R. C. Allen director of mechanical en- 

gineering, Allis-Chalmers Mfg. Co. who 
discussed “Power from the Atom.” 
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Cameras 


Featured speaker at the March 19 

* meeting of the Washington Section 
was Robert W. Cuthill, deputy direc- 
tor, Industrial Operations Division, 
Army Ballistic Missile Agency. 

Cuthill addressed the audience on 
the program of the Army Ballistic Mis- 
sile Agency and its relations to auto- 
motive engineering. 


« Western Michigan Section vice- 
chairman LaVern W. Kibbey intro- 
duces guest speaker Paul T. Vickers, 
supervisor, heat transfer section, Gen- 
eral Motors Corp. research staff, who 
spoke on “Gas Turbine Engines” at the 
Section’s March 5 meeting. 


A near capacity crowd heard 
» Alexander Hossack (center), man- 
ager, hydro-mechanical department, 
Simmonds Aerocessories, Inc. speak on 
“Fuel Injection System for Gasoline 
Engines” at the April 2 meeting of 
Northern California Section’s South 
Bay Division. At left is Northern Cali- 
fornia Section Chairman Elvin Lien 
and at right is South Bay Division Pro- 
gram Chairman Vincent Gilbert. 


Montreal Section Chairman R. A. 

* Harvey (right) presents SAE Pres- 

ident W. Paul Eddy (left) with two 

wooden Canadian figurines as a mo- 

mento of President Eddy’s visit to 
Montreal. 


SAE President W. Paul Eddy (cen- 

« ter) had occasion to pose for this 

Journal photo with the Montreal Sec- 

tion’s Governing Board at the Section’s 
March 19 meeting. 


i 
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Section Cameras 


Featured event of the Columbus 
* meeting of the Dayton Section, held 
on March 19, was a tour of part of 
the Nuclear Research Center near Co- 
lumbus, Ohio, of Battelle Institute. 
Standing on the left bridge are Dr. 
H. R. Nelson (left) manager of Bat- 
telle’s physics research, and Joel W. 
Chastain (right), who is in charge of 
the reactor physics research. The Bat- 
telle officials explained the one mega- 
watt reactor and answered questions 
for those present. 


C. H. Nystrom (center), chief en- 
*« gineer, fuel injection section, Amer- 
ican Bosch Division, American Bosch 
Arma Corp., explains “Fuel Injections 
for Automobiles” at Mohawk-Hudson 
Section’s March 12 meeting to listeners 
from left to right: P. E. Kezer, Section 
vice-chairman; Ralph Hooker, Section 
past-chairman; Paul Hillman, presi- 
dent, Fort Edward Express Co.; and 
M. J. Severino, Publicity chairman. 


Approximately 1000 members and 

» guests were on hand at Detroit Sec- 
tion’s meeting of March 25 when a 
tour of Pontiac Motor Division, Gen- 
eral Motors Corp. was held. 

Seated at the speakers’ table from 
left to right are: W. D. Angst, Detroit 
Section Production Activity assistant 
vice-chairman; F. L. Bird, operating 
manager, DeSoto Division, Chrysler 
Corp.; G. A. Delaney, SAE president in 
1956; D. J. Davis, vice-president, man- 
ufacturing, Ford Motor Co.; T. E. 
Seavey, master mechanic, Pontiac Mo- 
tor Division, General Motors Corp., 
who traced the development of an alu- 
minum coating system for engine valve 
heads; toastmaster for the dinner, 
E. M. Estes, chief engineer, Pontiac Mo- 
tor Division, General Motors Corp.; 
C. C. Dybvig, Detroit Section Chair- 
man; B. E. Starr, general manufactur- 
ing manager, Pontiac Motor Division, 
who gave a description of Pontiac’s 
layout; J. J. Cronin, vice-president, 
manufacturing staff, General Motors 
Corp.; C. J. Demrick, vice-president in 
charge of manufacturing, Plymouth 
Division, Chrysler Corp.; W. D. Single- 
ton, general manufacturing manager, 
Lincoln Division, Ford Motor Co.; G. R. 
Fitzgerald, Detroit Section Production 
Activity vice-chairman. 
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From Section Cameras 


Jet fuel experts took a look at the 
* past and the future at Mid-Con- 
tinent Section’s March 1 meeting. 
Examining the 1912 pusher plane 
built by W. D. Parker (seated), man- 
ager of aviation sales, Phillips Petro- 
leum Co. are from left to right: M. C. * 
Hardin, chief of Fuels, Lubricants, and 
Basic Combustion Division, Allison Di- 
vision, General Motors Corp.; M. G. 
Beard, assistant vice-president for 
equipment research, American Airlines, 
Inc.; and R. C. Alden, chairman of the 
Phillips Research Planning Board. 
The open meeting was devoted to 
discussion of requirements of com- 
mercial jet fuels by the three speakers, 
who represented the aircraft engine, 
air transport, and petroleum industries. 


“Putting Engine Power to Work in 

« Earthmoving” was the title of a talk 
presented by E. W. Spannhake (seated 
center), Le Tourneau Westinghouse 
Co., at the Central Illinois Section’s 
Feb. 25 meeting in Decatur. 

Joining speaker Spannhake are Sec- 
tion Chairman R. D. Henderson (stand- 
ing): E. Brookhouzen (seated left) 
vice-chairman for Decatur; and A. W. 
Sieving, technical chairman for the 
meeting. 


Center of discussion here is the 

« Briggs and Stratton Corp.’s light- 
weight die-cast aluminum engine at 
the Twin City Section March 13 meet- 
ing. 

Shown from left to right are: Leo 
Lechtenberg, development engineer, 
Briggs and Stratton Corp., who talked 
on “The Development of Small Air- 
Cooled Engines’; Hendrie Grant, ex- 
perimental engineer, Scott-Atwater 
Mfg. Co., who spoke on “Recent De- 
velopments in Mid-Range Fuel Econ- 
omy in Two-Cycle Engines”: and Ken } 
Robinson, project engineer, Scott-At- 
water Mfg. Co., who gave a talk on | 
“Recent Developments and Engineer- | 
ing Problems in Two-Cycle Outboard 
Motors.” 


CINCINNATI 


embers and guests at the Cincinnati 

Section’s March meeting heard ‘ 
A. E. Kimberly, chief engineer, De- - - 4 
Soto Division, Chrysler Corp., deliver deli : € a 
a both humorous and informative “4 ‘ = "4 2 
talk on “You Bet Your Life, Test It.” bP =~ = P 

Movies of the Chrysler Proving e nA —_ 
Grounds test program and the 1956 -, i Foe 
Indianapolis race climaxed the meet- fe 1 b “Tv | 1 
ing. M - 
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From Section Cameras 


The various non-classified aspects 

* of the B-52 and the training of its 
crews were discussed by Major Allen 
R. Tennyson (right), USAF, and Major 
Francis E. Dyser (left) USAF at 
Northern California Section’s April 
meeting. Both are operations officers 
of the 4017th combat crew training 
squadron, Castle Air Force Base, Calif. 


Members and guests of the Balti- 

* more Section sit down to a steak 

dinner before touring the Koppers Co. 
plant in March. 

Surprised guests found piston’ rings 

serving as napkin holders at the table. 


A contingent from the Baltimore 

* Section examines the products 
typical of those which they saw being 
made during the tour of Koppers Co. 


Guest speaker at the Kansas City 

* Section February 21 meeting, 

George M. Galster, automotive service 

manager, Champion Spark Plug Co., 

demonstrates his talk on “Factors In- 

fluencing Spark Plug Operations in 
Modern Engines.” 


WICHITA 


fpishlisht of the Wichita Section’s 
Feb. 21 meeting was a talk on “Beech 
XKDB-1 Target Drone” presented by 
Dr. James F. Reagan, manager missile 
engineering, Beech Aircraft Corp., 
Wichita. 

Dr. Reagan supplemented his dis- 
cussion with slides. 


OT eezey a 


field trip covering four Portland, 

Ore. companies was the special ac- 
tivity of the Oregon State College SAE 
Student Branch and SAE Oregon Sec- 
tion members on March 8. 

The day’s program started off with 
a tour of the General Motors Training 
Center at Tigard. The afternoon’s ac- 
tivities consisted of a visit to the In- 
strument Sales and Service, the Lomac 
Motors, and the Goliath Auto-Haus, 
Inc. 
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Presented below are brief digests of re- 
cently presented SAE papers. These papers 
are available in full in multilith form for 
one year after presentation. Order from 
SAE Special Publications, 485 Lexington 
Ave., New York 17, N.Y. Price: 35¢ 
each to members, 60¢ each to nonmembers. 


AIRCRAFT 


Small Gas Turbine—Problem and 
Promise, 8S. ALPERT. Presented Jan., 
1957, 11 p. Summary of experience at 
Solar Aircraft Co. in developing initial 
design and later application of 50-hp 
Mars and 500-hp Jupiter gas turbines. 


Why Small Engines, D. P. EDKINS, 
M. H. THORSON. Presented Jan., 
1957, 19 p. Small engine is defined as 
one where primary airflow rate is not 
more than 75 lb of air per sec at sea 
level static conditions; this results in 
various values of output of gas turbines 
at upper limit, according to type; basis 
for specific weight advantage and limi- 
tations on use of 3/2 or square-cube 
law; applications to helicopters, VTOL, 
trainers, drones, missiles; future trends. 


Evolution of Gas Turbine, W. E. 
SKIDMORE. Presented Jan., 1957, 23 
p. Highlights in development of small 
gas turbine at Boeing Airplane Co.’s 
Industrial Products Div. beginning 
with laboratory model, operated in 
1946, to and including current Model 
502-10C 240-hp gas turbine in current 
production; application and potential. 


Some Experiences in Development 
and Application of Lycoming’s T53 Gas 
Turbine Engine, A. FRANZ. Presented 
Jan., 1957, 10 p. Basic considerations 
and design philosophy at Lycoming 
Div. of AVCO Mfg. Corp. which estab- 
lished design criteria for T53 and T55 
gas turbine engines; some of design 
features, development and application 
experiences discussed which demon- 
strated correctness of original con- 
cepts. 


Experimental Stress Analysis in 
Small Turbines, G. SORENSON. Pre- 
sented Jan., 1957, 19 p. Summary of 
major stress problems encountered 
during development of small gas tur- 
bines at Continental Aviation & Engi- 
neering Corp.; problems fall into three 
categories: steady stress, low fre- 
quency, and high frequency stress. 


Increased Mission Effectiveness 
Through Application of Small Gas 
Turbine Engines, R. C. HENSLEY, N. 
C. WITBECK. Presented Jan., 1957, 
10 p. Relative merits of different 
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scale engines for typical flight appli- 
cations; analysis of performance char- 
acteristics; it is concluded that for 
typical missions in high subsonic or 
supersonic speed range small turbojet 
engine package requires lower weight 
of engine plus fuel than unaugmented 
or augmented single large engine of 
equal thrust. 


Visual Study of Ball Motion in High- 
Speed Thrust Bearing, R. P. SHEV- 
CHENKO, P. BOLAN. Presented Jan.., 
1957, 16 p. Basic problem of ball 
action in high-speed thrust bearing 
was approached photographically in 
experimental study of ball bearing dy- 
namics by Pratt & Whitney Aircraft 
Div. of United Aircraft Corp; devel- 
opment, progress and typical prelimin- 
ary results; analysis of some typical 
ball motion pictures for particular 
bearing with and without cage and at 
variety of loads and speed. 


Contaminants and Their Effects on 
Aircraft Engines, F. E. TOBIN, G. R. 
FUHRMAN, K. H. STRAUSS. Pre- 
sented Jan., 1957, 15 p. Investigations 
in cooperation with airlines and engine 
builders proved that number of air- 
craft reciprocating engine irregulari- 
ties was avoidable because they were 
direct result of abrasive contaminants; 
type of damage such as bearing, pis- 
ton, and ring damage; identification, 
sources and elimination of abrasive 
contaminants; suggestions for proper 
cleaning of parts; applicability to 
other types of engines. 


Discussion of Some Recent Devel- 
opments in Aircraft Engine Oil Fil- 
tration, G. MAY. Presented Jan., 1957, 
14 p. Recent developments in scavenge 
oil filtration and description of com- 
posite element stack design having 
179-sq in. effective screen area and 
number of individual symmetrical ele- 
ments each of which consists of formed 
aluminum central member, and two 
screens adjacent to it; application of 
scavenge oil filtration for both recipro- 
cating and gas turbine aircraft; ad- 
vantages; chart shows composite ele- 
ment stack flow paths. 


Metal Dynamic Hydraulic Seals, G. 
R. KELLER, P. H. STAFFORD. Pre- 
sented Jan., 1957, 7 p. Testing and 
evaluation program undertaken at Au- 
tonetics Div. of North American Avia- 
tion, Inc., to study performance of 
metal dynamic seals for use in missiles 
or aircraft hydraulic equipment in lieu 
of elastomeric seals which are unsuit- 
able at high speed, high temperature 
operation; tests at room temperature 
of seals of various configurations, 
materials, finishes, etc; shaft seals and 
piston seals tested at oil temperatures 
from 500-550 F, diameters ranging up 
to 3% in. 


Progress Report on Rubbing Seals, 
E. A. RYDER. Presented Jan., 1957, 


Continued on page 132 








ALTMAN... 


... appointed SAE 
Presidential adviser 
on small aircooled engines 


ETER Altman, vice-president of Con- 

tinental Motors Corp., has been 
named by SAE President W. Paul Eddy 
as a special adviser on SAE’s function 
in the small aircooled engine industry. 
Increased production and applications 
to less-than-60-hp units since World 
War II point to the need for more in- 
terchange of technical data. Altman 
will suggest how SAE can accelerate 
this interchange on design and produc- 
tion problems. His recommendations 
will encompass present Society activi- 
ties. 

Since the beginning of the industry 
in 1921, when the first small engines 
were used for farm washing machines, 
production has expanded to more than 
4,000,000 engines a year with over 80 
applications, Altman reports. The ma- 
jor production is in the '2- to 6-hp 
range with the self-powered lawn 
mower the main use. Other leading 
applications are; garden tractors, cul- 
tivators, chain saws, water pumps, 
sprayers, conveyors, air compressors, 
auxiliary engine generator sets, scoot- 
ers, industrial maintenance equipment, 
construction equipment, truck-trailer 
and freight car refrigeration ‘and 
heating) units. 


Program in Progress 


Already scheduled are papers for the 
Summer Meeting in Atlantic City on 
June 6. 


@ European Developments in Small 
Aircooled Engines 

By W. E. Meyer, Pennsylvania 
State University 


@ New Small Military Standard 
Engines 
By L. D. Bakke, Continental 
Motors Corp., and R. F. Den- 
nis, U.S. Army Engineer Re- 
search and Development Lab- 
oratories 


During the week of June 2, there will 
be a display of applications of small 
engines on the Lounge Floor of the 
Haddon Hall Hotel. Problems on the 
production of small engines will also 
be the subject of a panel at the Pro- 
duction Forum at the National Tractor 
Meeting in Milwaukee on September 
9-12. 

Standards on safety, testing of small 
engines and carburetors have been de- 
veloped by the Small Aircooled Engine 
Subcommittee during the past two 
years. Presently, output shafts and 
mountings are being developed to aid 
interchangeability between application 
and engine. These cover two- and 
four-cycle lawn mower engines, pumps, 
and generators. 
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HE 1957 SAE Transactions is sched- 

uled for publication in August. It will 
contain about 750 pages and will be 
clothbound in maroon. It will include 
an author, title, and subject index cov- 
ering all papers and their discussions 
contained in the volume. 

So far, 59 papers have been approved 
by SAE Readers Committees for inclu- 
sion in this Transactions. Each of 
these papers will be printed in full, 
complete with written discussions of 
the papers. In some cases, the secre- 
tary’s report of the oral discussion that 
took place after the presentation of the 
main paper is included. 

Prices are: $3 to members, $7 to pub- 
lic and college libraries and U.S. Gov- 
ernment agencies, $10 to nonmembers: 
foreign: $3 to members, $8 to public 
and college libraries, $11 to nonmem- 
bers. 

The papers approved so far are: 


“The New American Motors V-8 Engine’’—by 
J. F. Adamson, C. E. Burke, and D. B. Potter 


“Preignition in Aircraft Reciprocating Engines” 
by ]. Anderson 


“An Approach to Obtaining Road Octane Rat 
ings in a Single-Cylinder Engine’—by E, M. 
Barber, H. |. Wilson, and T. H. Randall 


“Weld Repair of Aircraft Quality Magnesium 
Castings”—by W. A. Beck 


“Compressor Stall Problems in Gas-Turbine-Type 
Aircraft Engines”—by W. A. Benser and H. B. 
Finger 


“The Experimental Chassis for the Firebird 11" 
by J. B. Bidwell and R. E. Owen 


59 Papers Approved So Far for 1957 SAE Transactions 


“High-Speed Turbopumps”—by J. E. Boretz 


“Where Does All the Power Go?” This sympo- 
sium inciudes : ‘The Engine—The Power Source” 
—by C, E. Burke and L. H. Nagler; “The Ac- 


cessories—The First Bite’’-—by E. C. Campbell; 
“Effective Power Transmission”—by WwW, &. 
ZFierer anc *. H. Welch; “Wind and Rolling 


Resistances”——-by L. C. Lundstrom; “What the 
Customer Gets’ by T. D. Kosier and W. A. 


McConnell 

“The Continental Mark II—A Design Story”—by 
H. F. Copp 

“Compressor and Turbine Matching Considera- 
tions in Turboprop Engines’’—by E. H. Davison 

‘The General Motors Fuel Injection System’’—by 
J. Dolza, E. A. Kehoe, D. Stoltman, and 
Arkus-Duntov 

“Dynamic Testing of Seat Belts’—by D. M. 


Finch and J. D. Palmer 


“Some Effects of Stroke and Bore on Diesel-En- 
gine Performance”—by K. J. Fleck 


“Observations on 25,000 Hours of Free-Piston 
Operation'’—by G. Flynn, Jr. 


Transmission 
-by H. O. 


“Powermatic—A New Automatic 
for Chevrolet Heavy-Duty Trucks” 
Flynn 


“The Automotive Free-Piston-Turbine Engine” 
by D. N. Frey, P. Klotsch, and A. Egli 


“The New General Motors Hydra-Matic Trans- 
mission” —by K. W. Gage and P. J. Rhodes 


“The New Dynaflow Automatic Transmission'’— 
by R. J. Gorsky 


“The Continental 750-Horsepower Aircooled Die- 
sel Engine’’—-by H. H. Haas and E. R. Klinge 
“Laboratory Fatigue Testing of Gears’’—tby J. A. 

Halgren and D. |. Wulpi 


“Some Elements of Gas-Turbine Performance” 
by S. D. Heron 


A Gas Generator 
by R. J. Hooker 


“Orion 
gine” 


Turbocompound En- 





SAE National Meetings 


1957 


June 2-7 
Summer Meeting 
Chalfonte-Haddon Hall 
Atlantic City, N. J. 


August 12-16 
West Coast Meeting 
Olympic Hotel, Seattle, Wash. 


September 9-12 
Tractor Meeting and 
Production Forum 
Hotel Schroeder, Milwaukee, Wis. 


September 30-October 5 
Aeronautic Meeting, 
Aircraft Production Forum, 
and Aircraft Engineering Display 
Ambassador, Los Angeles, Calif. 


November 4-6 
Transportation Meeting 
Hotel Statler, Cleveland, Ohio 
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November 5-6 
Diesel Engine Meeting 
Hotel Statler, Cleveland, Ohio 


November 6-8 
Fuels and Lubricants Meeting 
Hotel Statler, Cleveland, Ohio 


1958 
January 13-17 


Annual Meeting and Engineering 
Display, The Sheraton-Cadillac 
and Statler Hotels, Detroit, Mich. 


March 4-6 
Passenger Car, Body, 
and Materials Meeting 
Sheraton-Cadillac Hotel, 
Detroit, Mich. 


March 31-April 2 
Production Meeting and Forum 
The Drake, Chicago, III. 


April 8-11 
Aeronautic Meeting, 
Aeronautic Production Forum, 
and Aircraft Engineering Display 
Hotel Commodore, New York, N. Y. 






“The Automotive Gas Turbine—Today 
Tomorrow'’—by CG. }. Huebner, jr. 


and 


“Reduction of Cavitation Pitting of Diesel-Engine 
Cylinder Liners’’—by }]. A. Joyne 


“High-Speed, High-Output, Loop-Scavenged Two- 
Cycle Diesel”—by H. List 


“Motion Sensitivity as a Guide to Road Design’’— 
by W. A. McConnell 


“Cavitation Control Through Diesel-Engine Water 
Treatment’’—by W. Margulis, |. A. McGowan, 
and W. C. Leith 


“Winterization of Construction Equipment’’—by 
M. G. Mardoian, F. M. Baumgardner, |. A. 
Klisch, W. W. Cornman, T. H. Fones, A. Q. 
Spitler, and P. W. Espenschade 


“New Drive Lines for New Engines”—by W. P. 


Michell 
“Sound and Furor—The Jet Noise Suppression 
Age’’—by M. M. Miller 


“Temperature-Strength-Time Relationships in 
Mufflers and for Truck Muffler Materials’’—by 
C. E. Nelson, W. Chow, P. C. Rosenthal, P. S. 
Myers, and 0. A Uyehara 


“Dark Diets for Diesels’—by GC. Neely, E. F. 
Griep, and P. L. Pinotti 
“Stopping Ability of Motor Vehicles Selected 


from the General Traffic’—by F. W. Petring 


“Some Aspects of High-Speed Tire Testing’’—by 
E. F. Powell 


“Automotive Fuel Pumps—A Fundamental Study 
of Their Performance’’—by R. A. Randall 


“A Basis for Understanding Antiknock Action’’— 
by E. B. Rifkin and C. Walcutt 


its Evaluation and Rela- 
"—by F. G. 


“Diesel Exhaust Odor 
tion to Exhaust Gas Composition 
Rounds and R. W. Pearsall 


“Fundamental Investigation of Noise Generation 
by Turbulent jets’—by WN. D. Saunders and 
}. Laurence 


“Radioactive Tracer Measurements of Engine 
Bearing Wear'’—by M. W. Savage and L. O. 
Bowman 


“Automotive Nuclear Heat 
ciated High-Temperature Materials” 
Schwartz and H. A. Ohigren 


Engines and Asso- 
-by F. L. 


in the Fundamentals of Automobile 
-by L. Segel 


“Research 
Control and Stability” 


“Full-Scale Field Service Tests of Railroad Diesel 
Fuels’’—by R. W. Seniff and F. A. Robbins 


“Technical Findings from Automobile Impact 
Studies’’—by D. M. Severy and J. H. Mathew- 
son 


“The Versatile jet Transport’’—by S. R. Shevell 
“Human Factors of Crash Protection in Auto- 
mobiles"’"——by J. P. Stapp and S. T. Lewis 
Disc 


the Features of and Shoe 


by T. H. Thomas 


“Combining 
Brakes”’ 


“Effect of Fuel Volatility on Starting and Warmup 
of New Automobiles'’"—by H. A. Toulmin, G. T. 
Moore, and R. D. Young 


“The Regenerative Whirlfire Engine for Firebird 
1!"—by W. A. Turunen and J. S. Collman 


“The Applications of Radioactivity for Control 
and Testing of Automotive Materials’’—by 
H. A. Tuttle and C. E. Noakes 


“GMR 4-4 Hyprex Engine 
Free-Piston Engine 
A. F. Underwood 


-A Concept of the 
for Automotive Use’’—by 


“Brake Ratings for 
R. L. Wehe 


Automotive Vehicles’—by 


“Convertiplanes and Other VTOL Aircraft” 


R. J. Woods 


“What Do Calculated Gear Stresses Mean?’’—by 
E. j. Wellauer 


—-by 


“Electrojector—Bendix Electronic Fuel Injection 
System'’—by A. H. Winkler and R. W. Sutton 


“Some General Considerations Concerning VTOL 
Aircraft”"—by C. H. Zimmerman 
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HOT AIR 
RESEARCH 


HEAT 
TRANSFER 
RATE 
OBSERVED 


HEAT 
EXCHANGE 
EFFICIENCY 
FACTOR 


This feature is an 


MAY, 1957 


by PROF. H. A. HAVEMANN, Indian Institute of Science 


Prof. Havemann, of the Institute's Department of Internal 
Combustion Engineering, is currently in the United States. 


"The process of heat transfer to a pulsating medium may 
be modified considerably by the nature and frequency of 
pulsations imposed on the medium. The change of the rate 
of heat transfer depends on the frequency of the pulsa- 
tions and the Reynolds number. .. . The onset of im- 
proved heat transfer occurs across a comparatively nar- 
row band of frequencies." 


The foregoing are conclusions of a report sent to Dr. 

C. G. A. Rosen, Chairman, SAE Overseas Information Com- 
mittee, by Prof. H. A. Havemann, Department of Internal 
Combustion Engineering, Indian Institute of Science, 
Bangalore-3, India. Purpose of this research is to de- 
velop small powerplants in low horsepowers for rural and 
remote areas in India where conditions could favor the 
use of the hot air engine. 


The report deals with a problem involved in the design 
and operation of the heat exchanger of a hot air engine, 
The problem is to determine the rate of heat transfer be- 
tween a hot tube and air flowing in it turbulently, when 
pulsations are imposed on the air. A model heat transfer 
investigation was conducted with air flowing unsteadily 
in, and completely interrupted by pulses through a hori- 
zontal brass pipe of 1 in. inside diameter which was 
heated externally by steam. The Reynolds numbers calcu- 
lated for equivalent steady flow conditions ranged from 
6,000-25,000 and the frequencies from 5-40 cps. 


An increase in the rate of heat transfer was observed 
only within a limited range of frequencies and at cer- 
tain Reynolds numbers. A marked improvement of the rate 
of heat transferred could be obtained by fitting an ori- 
fice plate as a constriction to the end of the heat 
transfer pipe whereby pressure waves were reflected and 
the previously obtained dependence of air pressure on 
time and locality was altered. 


The efficiency of a hot air heat exchanger is one of the 
most important factors deciding the overall efficiency 
of the powerplant. An increase of the heat exchanger 
efficiency from 80 to 85% is equivalent to raising the 
maximum temperature of the cycle by nearly 150 C. The 
heat exchanger also adds bulk to the hot air engine and 
(continued on page 104) 


activity of the SAE OVERSEAS INFORMATION COMMITTEE, C.G.A. Rosen, chairman 
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SAE 


Summer Meeting 


Chalfonte-Hadden Hall 
Atlantic City, N. J. 
June 2-7, 1957 


39 Technical Papers 


developing such diversified topics as: automatic truck transmissions, dynamics of 
low silhouette drive lines, automotive laboratory testing, truck road behavior, tires 
for tomorrow's cars, European car design, proving ground tracks, new tools and 
processes, accelerated testing of materials, ride and comfort measurements, fuel 
volatility, diesel operations, combustion fundamentals, small! industrial aircooled 


engines, and truck powerplants. 


7 Round Table Discussions 


with informal gatherings on: passenger car seating, heavy-duty air-cooled brakes, 
aluminum usage, shop tools in fleet maintenance, radioactive tracer techniques, 


automatic transmission fluid trends, and friction materials for trucks and buses. 


Frivolités Francais 


*% Kick-off Party 
% Parisian Fashion Luncheon 


% An Evening in Paris 
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Anodized Aluminum Alloys 
Used for Varied Coatings 


Based on paper by 


R. V. VANDEN BERG 
and 
D. J. GEORGE 


Aluminum Co. of America 


NODIC oxidation of aluminum alloys 
makes possible a variety of different 
finish characteristics in both decora- 
tive and protective coatings. Such 
coatings reproduce the texture from 
which they are formed. 

Alcoa has had in commercial use for 
a number of years a nomenclature sys- 
tem for the surface pretreatments, in 
which letter designations are used to 
denote the various preparatory treat- 
ments, including both chemical and 
mechanical types. 

(This system and the specific man- 
ners in which it is applied in the var- 
ious methods of designating anodic 
finish are described in detail in the 
paper, “Characteristics of Anodized 
Aluminum Alloys” from which this 
digest was made. Complete paper is 
available in full in multilith form from 
SAE Special Publications, 485 Lexing- 
ton Ave., New York 17, N. Y. Price: 
35¢ to members; 60¢ to nonmembers.) 


Small Turbines 
Have Manifold Uses 


D. P. EDKINS 
and 
M. H. THORSON 


General Electric 


HE 4500-5000-lb thrust or 7500-8000- 

hp gas turbines, although small in 
comparison with the largest now under 
development, have many uses. They 
will not be entirely supplanted by their 
big brothers. 

For example, numerous boundary 
layer control applications will be found 
in the near future as the availability 
of small lightweight gas turbines in- 
creases, since the benefits range all the 
way from small improvements in exist- 
ing techniques to great strides in aero- 
dynamic performance and efficiency. 

The various ways of obtaining air for 
BLC, or for other purposes, from gas 
turbine engines of the three basic types 
is illustrated in Fig. 1. 

The gas turbine with the smallest 
inherent air supply is the turboprop 
or turboshaft engine. Air bleed from 
the main cycle rapidly destroys the 
ability of this engine to do its job be- 
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Turbojet 


Turbofan 


BLC Air 











Turboprop 


na i Rie 


Fig. 1—Various ways of obtaining air for boundary layer control, or other purposes, from three 


basic types of gas turbine engines. 


cause this air is also the life blood of 
the engine cycle itself. Only small 
amounts of bleed air can be taken be- 
fore the loss in engine power becomes 
prohibitive. However, since the out- 
put of the engine is in the form of 
shaft rotation, it lends itself readily 
to the production of air for boundary 
layer purposes by connecting mechan- 
ically to a load compressor, and the 
amount of power which can be ab- 
sorbed in this way is again one of over- 
all expediency like the turbofan. The 
turbojet is midway between these two 
in its ability to provide air, and a 
figure of 7% of the total airflow is 
typical. 

The different behavior of gas tur- 


bines when used to supply air, by one 
means or another, is shown in Fig. 2. 
Note the typical reductions in take-off 
distance with turbofan propulsion with 
BLC air from the bypass duct, and 
with turboprop propulsion with BLC 
air from an engine-driven compres- 
sor and from a separate engine and 
compressor. 

The turboprop curves include the ef- 
fect of propeller slipstream on the air- 
plane wing lift. The curves show the 
effect of using air for the reduction of 
takeoff distance by flap blowing with 
a turboprop, with both a load com- 
pressor and with a separate auxiliary 
powerplant driving a compressor, and 
with a turbofan where the bypass air 
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Turboprop BLC Compressor Driven 


From Separate Power Plant 


3oundary Layer Flap 


Fig. 2—Typical reductions in take-off distance for turbofan propulsion with BLC air from bypass 
duct, for turboprop propulsion with BLC air from engine-driven compressor, and for turboprop 


Blowing Momentum Coefficien 


Turboprop 
BLC Compressor Driven 
From Main Power Plant 


06 08 


i 


with BLC air from separate engine and compressor. 


is bled. Due to the shape of the lift 
increment versus amount of BLC air 
curve, a rapid reduction in take-off dis- 
tance is achieved for small amounts of 
air and, hence, either an actual in- 
crease of distance (because of deterior- 
ation of output of the main powerplant 
with increasing air or power bleed) or 
a much diminished return where an 
auxiliary powerplant is used. The tur- 
boprop curves include the beneficial 
effect of propeller slipstream in in- 
creasing the wing lift. 

The “small” turbines will be sure to 
find other uses, too, in such applica- 
tions as helicopters and other vertical 
take-off and lift craft, trainers, drones, 
missiles, and small transports. 

(Paper, “Why Small Engines?” on 
which this abridgment is based is 
available in full, in multilith form from 
SAE Special Publications, 485 Lexing- 
ton Avenue, New York 17, N. Y. Price: 
35¢ to members: 60¢ to nonmembers.) 


Renault's Dauphine 


Automotive Use of 
Vacuum Metalizing 


Based on paper by 


V. M. STILSON 
The Erie Resistor Corp 
HILE practically any type of plastic 
can be coated and metalized, sev- 
eral materials lend themselves very 
well to this kind of use. Thus far the 
acrylics, butyrates, styrenes and its 
copolymers, and phenolics have been 
used because the coating materials and 
techniques for surface metalizing on 
these plastic materials is perfected to 

a greater extent than any other. 


Selecting the Material 


Selection of the plastic material to 
be used, should to a large extent de- 


Has 50-hp, 1000-kg Engine 


Renault’s rear-engined Dauphine car, discussed in an ar- 
ticle starting on p. 39 in the April SAE Journal had a flagrant 


typographical error in its first line. 


Instead of noting the 


horsepower of the engine as 50, the article said 5-hp. 


The engine does have 50-hp. 


termine the finishes to be used. 

The first step, after precise informa- 
tion is available on the material used 
in molding, is to select a base coating. 
This base coat serves several purposes. 
But its main objective is to provide 
adhesion to the plastic part and prior 
to vapor metalizing. 

It must also provide a good, smooth 
base and be of a nature so as not to 
attack the metal finish. In some cases, 
it must supply the texture and tone of 
the finished part. It must be capable 
of being wetted with the metallic coat 
and must form a strong bond with the 
top coat and the metal. The coating 
in itself should outgas very little and 
must form a barrier coating for those 
plastics (such as the butyrates) which 
have a decided tendency to outgas 
during metalizing. 


Methods of Application 


Several methods are available for 
applying the coatings. Those most 
generally used are dipping, hand 
spraying, flow coating, and automatic 
machine spraying. Atmospheric con- 
ditions must be ideal for good results. 

Depending on the method of coating 
used, the solvent system must be 


_ selected to obtain a smoother and uni- 


form coating free of runs and sagging. 
Needed also is viscosity control of the 
coating and the coating kept free of all 
particles and dirt, resorting to filtering 
as required. 

Particles of dust are magnified in 
subsequent operations. If the mois- 
ture content of the ambient air is high, 
poor adhesion results. 

Several types of prime coats are 
available, both air and force dried. 
The base coat will vary with the type 
of molding compound used in produc- 
ing the plastic part. 


Applying the Vaporized Metal 


The second operation involves the 
application of the vaporized metal it- 
self to the base coated part. 


A large bell or tank capable of hold- 
ing a considerable number of parts, 
and constructed to allow pumping 
down to internal pressures to fractions 
of at least % micron, or better, must 
be available. Usually, in the center 
of the racks filaments are provided of 
tungsten on which metal wire staples 
are suspended. 

After loading, the tank is pumped 
down and the filaments are heated to 
a white heat. If the tank has been 
properly pumped down, there should 
be achieved a bright metallic finish 
from the process. 


There is reason to believe that hu- 
midity influences the pumpdown time 
on vapor metalizing equipment. The 
higher the humidity, combined with 
elevated temperature, the longer the 
time required to evacuate the air from 
the chamber. Operating on this hy- 
pothesis, plus the necessity for clean 
air, the case for air purification and 
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humidity and temperature control be- 
comes stronger. 

The application of the top coat is 
the final operation. This can be done 
by dipping, or spraying manually or 
automatically. 

(Paper, “Automotive Application of 
Vacuum Metalizing” on which this 
abridgement is based is available in 
full in multilith form from SAE Spe- 
cial Publications, 485 Lexington Ave., 
New York 17, N. Y. Prices: 35¢ to 
members; 60¢ to nonmembers.) 


Antiknock Quality 
Measured by T/D Method 


from paper by 


erpts 


BRUNO SIEGEL 


Sinclair Research Laboratories, Inc 


uel-engine adaptation work can be 

simplified by describing both fuel 
and engine behavior on the basis of 
compression temperature and compres- 
sion density, since these two factors 
predetermine the combustion charac- 
teristics of fuels as well as engine fuel 
requirements. Since it is difficult to 
obtain instantaneous measurements of 
these factors, calculated values were 
used. 


Categories of Classification 


Use of the T-D parameters has the 
potential of replacing all present ASTM 
engine test methods and CRC road 
testing techniques. A critical exam- 
ination of past and present testing and 
analytical techniques concludes that 
many engine performance character- 
istics are unsuitable as variables for 
forcing fuels into the knocking zone. 
That is, such relationships as spark 
advance, rpm, A/F ratio, or compres- 
sion ratio, which plot parabolically 
against power or efficiency, do not per- 
mit description of fuel quality over a 
large enough range of operating tem- 
peratures and pressures. In contrast, 
knock-limited manifold air pressure 
relationships plot hyperbolically and 
therefore permit rectification of data 
by extending graphical treatment to 
logical termini. This in turn, results 
in the development of stable mathe- 
matical formulas for rigid classifica- 
tion of pure hydrocarbons with respect 
to their knocking behavior. 


Improvement of Test Methods 
It is demonstrated that the funda- 


mental limitations of existing test 
methods can be eliminated by operat- 
ing the laboratory engine at constant 
fuel/air ratio, peak power spark, and 
by using manifold air pressure to stress 
fuels into the knocking zone. Data ob- 
tained in this manner can be analyzed 
to describe fuel antiknock or anti-pre- 
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ignition quality at an infinite number 
of combinations of compression ratio, 
inlet temperature, and manifold pres- 
sure by a single curve or formula. 

Fuel additives, especially tetraethy] 
lead, produce bulges in the curves of 
the base fuels. These secondary curves 
emanate from and return to the curve 
of the base fuel, depending on the T-D 
response of the additive. There are 
strong indications that the effect of a 
given amount of tetraethyl lead in a 
fuel over the realistic compression 
temperature range assumes a parabolic 
relationship easily expressed by for- 
mula. 

Tests in progress at our laboratories 
have covered a range of 1000 R in com- 
pression temperature. They have dem- 
onstrated the feasibility of construct- 
ing T-D frameworks of blends of pure 
hydrocarbons. These frameworks can 
be superimposed on one another to re- 
late their combustion characteristics. 
The intersections of the T-D lines of 
pure hydrocarbons are also used to 
calibrate the laboratory engines for 
exact agreement with published frame- 
works. 


Establishing Fuel Requirements 


Fuel requirements of full-scale en- 
gines on the test stand or on the road 
(on a T-D basis) are established by op- 
erating the engine under well-specified 
sets of operating conditions and deter- 
mining the exact blends of various 
types of reference materials which 
knock. The combination of tempera- 
ture and density at which the labora- 
tory engine has to be operated to rate 
these same blends equal is then as- 
cribed to the full-scale engine as its 
“T-D requirement.” 


Other Test Results 


Byproducts of the tests were the dis- 
coveries that (1) the existing octane- 
number scale can be utilized by use of 
a linear relationship which also per- 
mits logical extension in both direc- 
tions, (2) the earlier findings of D. B. 
Brooks that the absolute end of the 
octane-number scale is 130 “octane” 
could be substantiated, (3) it would be 
ill-advised to associate an extended 
octane-number scale with only one 
other set of reference materials such as 
isooctane plus tetraethyl lead and (4) 
the differences in the shapes of the T-D 
curves of leaded and nonleaded fuels 
offer a plausible explanation of the 
long-standing paradox that engines 
become “milder” as compression ratio 
is increased, while physical law says 
this cannot be true. 

The paper summarizes 14 practical 
applications including suggestions for 
new control and auxiliary test methods 
for studying knock and autoignition 
behavior on a much broader basis than 
is possible with ASTM methods. 

(Paper, “Use of Temperature-Den- 
sity for Measuring Antiknock Quality” 
on which this abridgment is based is 
available in full in multilith form from 


SAE Special Publications Department, 
485 Lexington Ave., New York 17, N. Y. 
Price: 35¢ to members; 60¢ to non- 
members.) 


Versatility a “Must” 
For Car Body Finishes 


Based on paper by 


J. D. PICKENS 
and 


T. R. MATTHEWS 
E. |. du Pont de Nemours & Co. 


HERE have not been available film 
formers which yield all these de- 
sirable properties in a single finish: 


Good stain resistance 
Rapid dry 

Easy spot repair 

Resistant to overbake discoloration 
High initial hardness 
Glamorous appearance 
High solids 

Low solvent costs 
Nonbuffing finish 
Improved durability 
Improved blister resistance 
Extended color range 


Yet it is clear that such a variety of 
characteristics is needed. 

An automobile body finish has to be 
one of the most versatile finishes 
known. To attract the car buyer, it 
must be available in an extremely wide 
and ever-changing variety of attrac- 
tive colors. It must withstand desert 
heat and sun without becoming soft 
and withstand subzero temperatures 
without becoming brittle. It must 
withstand constant exposure to sun, 
rain, ice, and snow without premature 
dulling, cracking, or other failures. It 
must be abrasion-resistant in order to 
withstand wear. It must be adherent 
and flexible to withstand reasonable 
mechanical damage and abuse. It 
must be capable of repair in the field 
as well as on the production line. So, 
it is not surprising that many candi- 
dates for new automobile finishes 
never get beyond the laboratory stage. 
Each one may be outstanding in some 
properties, but all too often it fails to 
meet minimum standards in other 
respects. 

Du Pont believes that its recently 
developed lacquer and enamel provide 
a car finish that will retain a high 
luster and remain undamaged by the 
elements longer than conventional fin- 
ishes. 

(Paper, “Two New Automotive Top- 
coats ‘Lucite’ Acrylic Lacquer and ‘Du- 
lux 100’ Enamel” on which this 
abridgement is based is available in 
full in multilith form from SAE Spe- 
cial Publications, 485 Lexington Ave., 
New York 17, N. Y. Price: 35¢ to 
members; 60¢ to nonmembers.) 
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Hot Day Cuts Payload 
Allowable at Jet's Take-Off 


D. W. FINLAY 


he jet engine tends to be a constant- 

volume air pump and derives its 
thrust from increasing the energy level 
of the air mass passing through it. 
The effect of increased temperature in 
the air mass being breathed by the en- 
gine is to (1) reduce the weight flow 
of the air and to (2) increase the tem- 
perature of the air mass prior to the 
time that heat energy is added by the 
combustion of fuel. The combination 
of these two effects results in rather 
a more substantial reduction of power 
available out of the jet engine than 
was true for the piston engine—pro- 
peller combination with which we are 
familiar. 

The economic effects of elevated 
temperature operation for four-engine 
jet transports are primarily due to 
deterioration of take-off load-carrying 
capability. 

For a specific jet transport airplane 
employed in operations requiring either 
little elevated temperature operation 
or at ranges not exceeding about two- 
thirds the ultimate range capability, 
the effects of elevated temperature op- 
eration are negligible. 

For the more normal case in which 
the operator desires to provide flexibil- 
ity in equipment for assignment to all 
parts of a large route system entailing 
long range, as well as tropical, desert, 
or mid-continent summer operation, 


SAE LOOKS OVERSEAS 


continued from page 95 


any increase in efficiency can be di- 
rectly utilized for its reduction. 

The heat exchanger in a hot air en- 
gine enjoys a particular mode of op- 
eration not usual for normal heat ex- 
changers. This is the occurrence 
particularly on the cold side, of pressure 
pulsations of the air flow. It therefore 
becomes desirable to investigate the 
effect of these pulsations on the 
heat transfer coefficient. The report 
examines whether pulsations imposed 
on, and completely interrupting, a flow- 
ing fluid with varying pressure ampli- 
tude and frequency have any effect on 
the rate of heat transfer to this fluid. 

The report is well documented with 
considerable experimental data from a 
variety of sources which should prove 
interesting to those investigating the 
old, but fascinating, subject of hot air 
engines. 
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some form of take-off thrust augmen- 
tation is desirable. 

The final choice of augmentation 
means is dependent upon the detail 
nature of the operation planned for the 
airplane as well as upon consideration 
of the relative availabilities of power- 
plants suited for the job to be done. 
Some means of increasing the ratio of 
take-off thrust to all other thrust char- 
acteristics of the engine is indicated, 
because when jet engines are sized to 
the airplane for optimum economy in 
the cruise case, they tend to be sig- 
nificantly undersized in the take-off 
case, particularly at increased tem- 
peratures. 

(Paper, “Effect of Hot Day Perform- 
ance on Jet Transport Economics” on 
which this abridgment is based is avail- 
able in full in multilith form from SAE 
Special Publications, 485 Lexington 
Ave., New York 17, N. Y. Price: 35¢ 
to members; 60¢ to nonmembers.) 


Prerequisites for High 
Drive Seal Performance 


M. C. KEYS 
and 
F. S. ENGELKING 


OR a tractor final-drive seal to per- 
form efficiently: 


1. There must be ample space al- 
lotted to permit sufficient bellows 
movement. 

2. The bellows must transmit torque 
without any sticking or binding within 
the bellows and present a seal surface 
which is uniformly loaded by the bel- 
lows. 

3. The bellows boot material must 
be immune to flexing and abrasion and 
must not reduce the spring load while 
operating in the normal space range. 

4. The seal load must be high 
enough to achieve sealing and the ma- 
terials chosen so as not to generate 
destructive temperatures. 

5. The seal area must be small 
enough to give high unit pressures for 
good sealing but large enough for a 
long wear life. 

6. The cork composition seal mate- 
rial should be as near the OD of the 
seal-ring-carrier plate as possible and 
should have a spherical grinding at the 
time of assembly. In addition, the seal 
material should have good compressi- 
bility and resilience and be nonpor- 
ous. 

7. The wear washer should be wear 
resistant, smooth, and as flat as pos- 
sible. 

8. The gasket between the wear 
washer and sprocket must be uniform 
in thickness and a sealant must be 
used on both sides of the gasket. 


(Paper, “Resilient Face Seals for 


Tractor Final Drives” on which this 
abridgment is based is available in full 
in multilith form from SAE Special 
Publications, 485 Lexington Ave., New 
York 17, N. Y. Price: 35¢ to members; 
60¢ to nonmembers.) 


Army Gets Design Tips 
From Civilian Vehicles 


Col. J. J. WILSON 


R0ard 


HE Army is looking for wheeled ve- 

hicles which will meet the demands 
of a Third World War. Investigation 
of present civilian designs for the pur- 
pose of finding the best military de- 
signs reveal that: 


1. If you want more off-road mobil- 
ity, use a larger diameter tire since it 
provides better load capacity with more 
ground clearance, less rolling resist- 
ance, and because of lower tire pres- 
sures, more traction with better floata- 
tion. It has other advantages such as 
longer life due to the greater periph- 
ery and cooler-running characteristics. 

2. To steer large tires with greater 
agility than found on conventional 
vehicles, use positive-powered wagon 
steer. 

3. To provide floatation in water, use 
exosKeletal design. 

4. To save weight and simultaneously 
improve durability and reliability— 
simplify. Simplification can be had 
by: 

a. eliminating suspension systems 
and, in turn, articulating power trains 
by the use of large-diameter tires. 

b. eliminating body rack and ex- 
posed steering linkage by the use of 
positive-powered wagon steer. 

c. eliminating bodies and beds 
bolted to the chassis by the use of exo- 
skeletal monocoque inherently-floating 
construction. 

d. using only four wheels, suffi- 
ciently large to simultaneously carry 
the weight and provide the mobility. 

5. Most vehicles should be designed 
to perform a specific task and as a con- 
sequence the Army needs and should 
develop: 

a. airliftable, 
vehicles. 

b. airdroppable, floating, distribu- 
tion vehicles. 

c. logistic vehicles capable of unit 
disassembly into air transportable 
loads, and capable in some models of 
floating in inland waterways. 


(Paper, “The Army’s Wheeled Ve- 
hicles” on which this abridgment is 
based is available in full in multilith 
form from SAE Special Publications 
Department, 485 Lexington Ave., New 
York 17, N. Y. Price: 35¢ to mem- 
bers; 60¢ to nonmembers.) 
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COOPERATIVE ENGINEERING PROGRAM = AT EY UAT © 


Transmission Friction 


Explored By New Subcommittee 


CCURATE testing of friction mate- 
rials and parts in transmissions is 
the objective of the new Friction Sub- 
committee of the SAE Transmission 
Committee. 

In the past, there have been approx- 
imately as many frictional test setups 
as there have been different transmis- 
sions. Consequently, very few funda- 
mental test results have evolved which 
could be used to forecast frictional be- 
havior in any given new environment. 
Each new design has had to be prac- 
tically custom tailored. 


Friction Tests of Past 


The large majority of past friction 
tests have been of the inertia type. 
For example, a large mass might be 
spun to a definite speed, and then the 
frictional element engaged, and the 
inertia mass slowed down to a stand- 
still by the frictional work. In some 
respects, this is similar to transmission 
requirements. 

Operating environments can be as 
much a factor of the test results as the 
frictional materials, oils, and surface 
finishes. Environmental factors, such 
as the mass of adjacent metal parts, 
heat transfer, the quantity of oil pres- 
ent, groove configuration, and rigidity 
of parts, control the temperature that 
exists on the surface of the friction 
members. Therefore, until surface 
temperature in a friction test can be 
controlled, there will be as many dif- 
ferent values for the friction coefficient 
as there are transmissions and test 
machines, each possessing its own in- 
herent temperature control. The new 
Subcommittee will try to establish a 
method and a fixture in which the 
frictional heat is controlled. This is 
being done to determine reproducible 
baseline frictional properties of fric- 
tion materials, oils, and surface fin- 
ishes. 

The actual friction curve in any 
given transmission will be a cross plot 
from the family of controlled tempera- 
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ture curves which will be determined. 
Fig. 1 illustrates a hypothetical group 
of friction cofficients plotted against 
slip velocity at three different con- 
trolled temperatures. By cross plot- 
ting, the actual output friction curve 
for the transmission might well have a 
shape similar to the dashed line in the 
graph. 

The static friction cofficient value as 
well as the whole friction curve is of 
importance. It is the static cofficient 
that finally locks the clutch members 
together at a one-to-one ratio. For 
many years, it was believed that static 
coefficient was always higher than the 
kinetic coefficient. Recent tests at 
constant temperature have shown that 
with many Type A oils, the static co- 
efficient is as much as 50% below the 
average kinetic friction coefficient 
value. When this condition develops, 


Coefficient Of Friction 


Slip Velocity 
Fig. 1—Constant Temperature Tests vs 


a very critical problem arises in the 
calibration of the apply pressure re- 
quired to satisfactorily engage the 
friction elements. Shift feel dictates 
that the apply pressure must not be 
too high during the engagement or a 
harsh shift will result; but if there is 
to be no creep at near static conditions 
with the falling coefficient, the apply 
pressure must rise. If apply pressure 
does not match this coefficient require- 
ment, the friction surfaces will creep 
and result in a regenerative condition 
that could overheat and eventually 
burn out the elements. The unfortu- 
nate point is that these friction curves 
are not constant for Type A oils. Ad- 
ditives in the oil can vary the shape 
of the curves greatly, especially at low 
velocities. 


Fixture and Method Being Tested 


A fixture and a method are presently 
being tested which the new Subcom- 
mittee believes may lead to a solution 
to these difficult problems, both from 
the friction material standpoint and 
friction properties of oils used. 


. Transmission Conditions Illustration 





Technical Committee Profiles 


HIGHER CAPACITY FRONT TIRES for trac- 
tors carrying heavy-duty equipment and addi- 
tional rear tire sizes are being studied by the 
Tractor Tire Subcommittee, reports R. W. 
Hautzenroeder, chairman of the parent Tractor 
Technical Committee. Soil compaction by trac- 
tor tires is also being explored by the Subcom- 
mittee with the cooperation of the Department 
of Agriculture. 


Four major SAE technical committees have 
joined forces to research human tolerance to 
shock and vibration. The Joint Committee 
includes the Construction and Industrial Machinery Technical Com- 
mittee, Tractor Technical Committee, Transportation and Mainte- 
nance Technical Committee, and the Truck and Bus Technical 
Committee. 

Hautzenroeder, who is chief project engineer for tractors at Massey- 
Harris-Ferguson, Inc., states the Agricultural Tractor Test Code Sub- 
committee has several projects under way. One will establish a test- 
ing procedure more suitable for tractors equipped with torque con- 
verters. Another will establish more realistic hp correction factors. 


Hautzenroeder 


CONSIDERABLE WORK ON RESIDUAL 
STRESS has been going on in the Iron and 
Steel Technical Committee, reports Chairman 
V. E. Hense. Preparations are being made for 
publication of D. E. Martin’s “Evaluation of 
Methods for Measurement of Residual Stress.” 
The report, which has been designated TR 147, 
will appear in booklet form in the future. 
Currently, hardenability standards of carbon 
steels are being developed within the ISTC. 
Seam depth and decarburization limits of 
Hense wrought steel are also being established. 

The 30 active divisions of the ISTC are composed of over 500 
metallurgists who continually act to keep the SAE Handbook up-to- 
date. Their work involves much liaison work with the American 
Iron and Steel Institute. 

Chairman Hense, who is chief metallurgical engineer at the Buick 
Motor Division of General Motors, is also a participating member of 
SAE’s Engineering Materials Activity Committee. 


a 15 NEW 12-VOLT STORAGE BATTERY 
GROUP SIZES ranging in capacity from 45 to 
70 amp-hr in 5 amp-hr increments with 4 dif- 
ferent terminal arrangements have been stand- 
ardized by the Storage Battery Subcommittee. 
The Subcommittee is now studying the charge 
voltage and charge acceptance of batteries over 
a wide temperature range in various states of 
charge and at various age levels, reports H. D. 
Wilson, chairman of SAE’s Electrical Equip- 
Wilson ment Committee. ; 

A flat type disconnect terminal standard is 
being developed by the Conduits, Cabies, and Wiring Subcommittee. 
The Subcommittee is also working on the color coding of 6-conduc- 
tor connectors used between truck-tractor and trailers. 

A study of regulator compensation curves of voltage versus tem- 
perature was recently made by the Starting Motors and Generators 
Subcommittee. Results show that the wide differences in current 
practice cannot be reconciled at this time due to differences in appli- 
cation and regulator designs, says Wilson, senior product design en- 
gineer, Ford Motor Co. 


Winterization Group 
Storms Alaska, Canada 


O appraise construction equipment 

operating problems, material failures, 
and crew comfort in subzero tempera- 
tures, 12 members and consultant- 
guests of the Construction and Indus- 
trial Machinery Technical Committee’s 
Winterization Subcommittee visited 
Canada and Alaska in January. There, 
they conferred with personnel at De- 
partment of Defense Headquarters, 
Western Command, Edmonton, Can- 
ada; Northwest Highway System 
Headquarters, Whitehorse, Yukon Ter- 
ritory; Ladd Air Force Base, Fair- 
banks, Alaska; and Ejielson Air Force 
Base, approximately 40 miles from 
Fairbanks. 


Test Equipment 


Four pieces of winterized equipment 
were tested near Ladd Air Force Base. 
They were the Allis-Chalmers HD-16A, 
Caterpillar D-7, International Har- 
vester TD-18 Tractors, and an Austin 
Western 99L Grader, powered with De- 
troit Diesel, Model 4-71. 

Engine Starting—Engines require 
approximately one hour of preheating 
by portable Herman Nelson heaters be- 
fore starting in Edmonton. Hauk or 
Continental type torches are com- 
monly used for preheating. Propane 
and butane are used as hand torch 
fuels. 

Lubrication Oils and Grease—SAE 
10 is generally used for subzero tem- 
peratures. Grease is used extensively. 
In extreme subzero temperatures, 
when starting difficulty is anticipated, 
equipment would be left to idle at ap- 
proximately 700 to 1000 rpm, at the 
discretion of the operator. 

Fuels—Since there is little choice of 
subzero fuels in Edmonton, a No. 1 
fuel oil having a pour point of approx- 
imately -—40 F is used. Operation at 
lower temperatures requires heating 
of fuel. 

Batteries—Heavy loads, low charg- 
ing rates, breakage, freezing, and poor 
maintenance account for battery prob- 
lems encountered in subzero tempera- 
tures. General heavy-duty commer- 
cial types of batteries are used. The 
Heavy-Duty MIL-B-11188 cold weather 
battery is not available in Edmonton 
either through military or commercial 
sources. 

Cabs for Equipment—Cabs for grad- 
ers, shovels, drag lines, and cranes are 
accepted by military and commercial 
users. Cabs for crawler type tractors 
at present consist of a canvas shroud 
placed around the tractor and opera- 
tor, enabling utilization of heat from 
the engine compartment for operator 
comfort. Several opinions expressed 
by commercial users pointed out that 
conventional cabs for tractor work 
would be impractical and quite dan- 
gerous for sled train operations. Gen- 
eral opinion in Edmonton was that the 
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cost of cabs and maintenance might 
be prohibitive, and that crew comfort 
would be the responsibility of the op- 
erator. 

In Edmonton, temperatures fre- 
quently drop to —35 F, at which time 
outside operations are discontinued 
until the weather moderates. How- 
ever, oil field operations continue re- 
gardless of severe temperatures. 

Fans and Winter Fronts—Both from 
a military and commercial point of 
view, there was a desire for automatic 
fans which would eliminate the need 
for winter fronts. 

Metallurgical Failures—Low temper- 
ature fatigue breakage occurs on grad- 
ers, blades, dozer corners, and edges 
from —35 F down. Military and com- 
mercial users feel that a definite im- 
provement is required regardless of ad- 
ditional cost in incorporating cold 
weather properties to eliminate low 
temperature fatigue. 

Maintenance—The Subcommittee felt 
that additional training of operators 
and operational mechanics would be 
beneficial. This observation was based 
on indications that personnel respon- 
sible for maintaining hydraulic sys- 
tems, batteries, and battery charging 
generators have _ insufficient basic 
knowledge of equipment assigned them. 


Alaskan-Canadian Opinion 

At Whitehorse, opinions paralleled 
those expressed in Edmonton. How- 
ever, considerable interest was regis- 
tered in preheating engines for start- 
ing, and the installation of a shield 
around the operator at -65 F. High- 
way inspectors expressed particular in- 
terest in cab problems. Some contrac- 
tors indicated a willingness to pay 
more for winterized cabs. For those 
operating in remote areas where there 
is danger of breaking through frozen 
lakes or muskeg, a preference was 
shown toward canvas-shrouded rather 
than glass-enclosed cabs. Shrouds 
eliminate the danger of frozen brush 
and trees shattering glass. 

An inspection trip of Ordnance 
equipment and shop procedures was 
conducted at Eielson Air Force Base. 


Gen. Tulley Extends Invitations 

Invitations were extended by Maj.- 
Gen. David H. Tulley, Commanding 
General, U.S. Army, Engineer Re- 
search and Development Laboratories, 
Fort Belvoir, Va. Arrangements for 
the trip were made through the U.S. 
Army Mechanical Engineering Depart- 
ment, Fort Belvoir. 

Eight members of the Winterization 
Subcommittee who made the trip are: 
Chairman M. G. Mardoian, Interna- 
tional Harvester Co.; Co-chairman W. 
W. Cornman, Allis-Chalmers Mfg. Co.;: 
F. M. Baumgardner, ERDL, Fort Bel- 
voir; T. H. Fones, Caterpillar Tractor 
Co.; H. G. Haines, Detroit Diesel En- 
gine Division, Allis-Chalmers Mfg. Co.;: 
and Robert Shaw, Ordnance Tank 
Automotive Command, U.S. Army, De- 
troit Arsenal. 

Consultants and visitors who partici- 
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Technishorts . . . 


Precision Control Motors, a proposed Aeronautical Recommended 
Practice, is being circulated for comment to AIA’s Electronic Equip- 
ment Committee and SAE’s Aircraft Electrical Equipment Committee. 
Compiled by SAE’s Precision Servo Motors Panel, the document has 
been in preparation approximately three years. 


A proposal on flywheels applicable to industrial engines has been 
submitted to the Engine Committee by the Construction and Indus- 
trial Technical Committee’s Subcommittee VI. It is being checked 
to see if it is correct for other applications, and to expand the size 
range. The proposal results from cooperative work conducted by 
the EC’s Clutch Housings, Clutch Mountings, and Flywheels Sub- 
committee and the CIMTC’s Subcommittee VI. The two groups have 
been attempting to standardize and simplify pot and flat type fly- 
wheels for use with single plate spring loaded clutches since 1951. 


Two instruments which consistently read the intensity of vehicular 
radio interference between 30 and 400 megacycles are now available, 
reports the Vehicular Radio Interference Subcommittee studying in- 
strumentation. The Subcommittee, which is part of SAE’s Electrical 
Equipment Committee, is trying to correlate its current activities 
with those of interested governmental and commercial groups in a 
cooperative effort to establish acceptable interference limits through 
a testing program. 


The SAE Automatic Transmission Terminology section of the Pas- 
senger Car Automatic Transmission Test Code Standard has been 
renamed Automatic Transmission Functions. It was revised recently, 
and designated an SAE Recommended Practice to appear in the 
1957 SAE Handbook. 


A survey to obtain data on machinability for both carbon and alloy 
steels is being conducted by Division 11, Machinability, of the Con- 
struction and Industrial Machinery Technical Committee. It will 
be circulated to the CIMTC with a statement that the Machinability 
group is reviewing, expanding, and adding alloy machinability rat- 
ings to the present ratings as they appear in the 1956 SAE Handbook. 


Aluminum Casting Alloys, an SAE Standard, was recently revised by 
the Nonferrous Metals Committee. It will be available as a Tech- 
nical Report after June 15. The revisions incorporated chemical 
composition changes in several aluminum casting alloys and alloy 
ingots. 


Automotive Transmission Terminology, a new SAE Recommended 
Practice, establishes suitable terminology for various kinds of auto- 
motive transmissions and related components. Temperature Instru- 
ment Mounting, a new SAE Standard, was developed to provide 
interchangeability of components in transmissions. Industrial Trac- 
tor Front-End Shovel and Loader Nomenclature, a new SAE Stand- 
ard, was developed by the Construction and Industrial Machinery 
Technical Committee. 





The SAE Winterization group is pictured above at Western Command Head- 
quarters, Edmonton, Alberta, Canada; Front row, 1. to r.: J. H. Hyler, LeTour- 
neau-Westinghouse; Lt. Col. R. H. Young, Command Enginee:, Western Com- 
mand: Winterization Subcommittee Chairman, M. G. Mardoian, International 
Harvester; M. R. Nicholson, Allis-Chalmers; Secretary W. W. Cornman, Allis- 
Chalmers; P. W. Espenschade, U. S. Army Engineer Research and Development 
Laboratories (ERDL), Fort Belvoir, Va.; Robert Shaw, U. S. Army Ordnance 
Tank-Automotive Command, Detroit Arsenal; J. P. Gardner, Allen Industrial 
Products. 

Second row, |. to r.: F. T. Durrant, Royal Canadian Air Force; Lt. Cmdr. J. P. 
Croal, Royal Canadian Navy, Defense Research Board; J. W. Gillies, Defense 
Construction Ltd. (1951): T. H. Fones, Caterpillar Tractor; F. M. Baugardner, 
U. S. Army ERDL; E. M. Plunkard, Perfection Industries; T. A. Harwood, Cana- 
dian Defense Research Board: and H. G. Haines, Detroit Diesel Engineering Di- 
vision, GMC. (Story begins on page 106.) 


Office Visited 


Naval Aviation Supply 


To see how the Navy handles logistics, supply, and maintenance of hardware 
items, the Engine and Propeller Standard Parts Committee of SAE’s Aircraft 
Engine Division visited the Navy’s Office of Aviation Supply in Philadelphia 
during its March 19-21 meeting. Many of the items surveyed were the product 
of SAE standardization work. 

Foreground, left to right: M. E. Mills, Elastic Stop Nut Corp.; M. L. Stoner, 
SAE Staff: G. Carvelli, Wright Aeronautical Division; W. P. English, Fairchild 
Engine Division; J. F. Romary, Curtiss-Wright Corp.; H. McFarland, General 
Electric Co. Second row, 1. to r.: E. F. Gowen, Standard Pressed Steel Co.; Vice 
Chairman V. E. Newman, Wright Air Development Center; H. M. Favor, Allison 
Division, GMC. Third row, 1. to r.: G. M. Garcina, Allison Division, GMC; 
Chairman F. G. Miker, Bureau of Aeronautics, Navy Department; Secretary R. L. 
Keene, General Electric Co.; H. D. Culham, Orenda Engines, Ltd; A. C. Johnson, 
General Electric Co.; O. D. Lambirth, Westinghouse Electric Corp. Standing, 
l. to r.: Host H. I. Hoot and Capt. H. J. P. Foley, Jr. of the Navy’s Aviation 
Supply Office. The committee will meet again May 6-8 in Florida. 
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pated in the field trip were: 

P. W. Espenschade, ERDL, Fort Bel- 
voir; J. Gardner, Allen Industrial 
Products, Inc.; G. L. Neely, Standard 
Oil Co. of Calif.; E. Plunkard, Perfec- 
tion Industries, Inc. 

Other active Winterization Subcom- 
mittee members not able to make the 
Canadian-Alaskian trip are: R. J. Ber- 
notas, Euclid Division, GMC; H. A. 
Crawford, Hercules Motor Corp.; and 
H. M. Reichert, Waukesha Motors. 


Improved Gear Lubricants 
Demand New Designations 


EW and improved multi-purpose 

gear lubricants necessary for high- 
speed, high-torque axles are rapidly 
replacing former gear lubricants used 
by service stations. The present defi- 
nition has become out-dated, states 
the American Petroleum Institute’s 
Operating Committee. 

A joint meeting of SAE’s Transmis- 
sion and Axle Lubricants Subcommit- 
tee and the API’s Automotive Gear 
Lubricant Panel will be called to 
discuss the development of a new des- 
ignation describing improved lubri- 
cants. SAE’s Transmission and Axles 
Lubricants Subcommittee will assist in 
revising the existing designation to en- 
able car manufacturers to incorporate 
the new designation in instruction 
book recommendations, denoting the 
type of product required for field serv- 
icing of axles. 


Interchangeability Study 
of New Boss Design Group 


NTERCHANGEABILITY design of 

different hydraulic “O” ring fittings 
and their bosses is under way in the 
newly formed Boss Design Subcommit- 
tee. Findings will be reported to the 
Tube, Pipe, Hose, and Lubrication Fit- 
tings Committee. 

Supplying pumps, valves, and actu- 
ating cylinders for ground vehicle and 
industrial equipment is costly and com- 
plicated when identical items must be 
stocked with different port designs. 
Also, the user is restricted to one style 
of fitting when making field replace- 
ments. The present SAE “O” ring fit- 
ting standards will be compared with 
other similar fittings to see if a uni- 
versal boss can be developed to accom- 
modate several types of fittings. Boss 
and fitting design were examined at 
the first meeting on March 5, 1957. A 
desire for minimum changes in the 
present standards and other designs 
required a broadening of scope to con- 
sider fittings as well as bosses. 

V. P. Donner, International Harves- 
ter, is chairman of the new subcom- 
mittee. Members serving with him 
are: W. A. Hertel, Weatherhead Co.; 
T. E. Lyon, L & L Mfg. Co.; L. H. 
Schmohl, Parker Appliance Co.; and 
D. F. Stranberg, Anchor Coupling Co. 
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ONCERN over the unqualified use of 

the term “safe fuels” was expressed 
by D. N. Harris, manager of Aviation 
Products, Shell Oil Co., as he spoke to 
the Aircraft Gas Turbine, Ram-Jet, 
and Rocket Engine Ignition Subcom- 
mittee of SAE’s Ignition Research 
Committee. 

Practical application often requires 
compromise, stated Harris. This is 
particularly true of the ignition char- 
acteristics of fuel. Considerations of 
concern to the engine ignition ‘man 
dictate high vapor pressure fuels. Air- 
frame design and flight operations, on 
the other hand, will favor fuels of 
lower vapor pressure for maximum 
flight and crash safety. So called 
“safe fuels” are low vapor pressure 
fuels which resolve to similar ignita- 
bility characteristics as the higher 
vapor pressure combat fuels with 
changes in temperature. While it is 
true that lower vapor pressure fuels 
are not as susceptible to “flash igni- 
tion” under certain conditions, it must 
be realized that in local heat zones the 
relatively small vapor pressure differ- 
ences are neutralized, and ignition can 
occur with either fuel. Harris sug- 
gested the drag spark areas under a 
crashing aircraft as an example of a 
local zone in which no fuel would be 
“safe.” 

Commenting on other aspects of jet 
fuel ignition, Harris pointed out that 
higher speeds of gas turbine powered 
aircraft are bringing in heavier fuels 
characterized by higher viscosities and 
lower vapor pressures. Any appreci- 
able difference in viscosity will affect 
the droplet size of atomized fuel which 
will reflect as a more critical ignition 
characteristic. 

Ram jet and rocket engine fuels for 
missile use have introduced extreme 
manufacturing controls of the varia- 
tions considered normally acceptable 
for gas turbine aircraft applications. 
While ignition might require a differ- 
ent approach for an original design, it 
should not be any more difficult to sus- 
tain once it was accomplished, since it 
would not be required to function 
through the relatively greater range of 
gas turbine fuel tolerances. 

Harris’ talk was given to the Sub- 
committee at the Wings Club in New 
York City, April 4, 1957. 


Atwell Heads New Ord- 
nance-Industrial Group 
P. Atwell will be chairman of the 
* new Ordnance and Industrial Sub- 
comittee of SAE’s Ignition Research 
Committee. The Subcommittee’s first 
meeting will take place in Atlantic City 
during Summer Meeting, June 2-7. 
Atwell is assistant chief engineer in 
Ignition Engineering at Electric Auto- 
Lite Company, Toledo, Ohio. 
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D. N. Harris (center) of Shell Oil Co. is pictured above with C. M. Dean (left), chairman of SAE’s 
ignition Research Committee, and L. R. Lentz (right), chairman of the Aircraft Gas Turbine, Ram- 
Jet and Rocket Engine Ignition Subcommittee of the IRC. Harris, who is manager of Aviation 
Products at Shell, was guest speaker at a recent meeting of the Gas Turbine Ignition Subcom- 


mittee at the Wings Club in New York City. 


(See story on left.) 





Aero Drafting Committee 





Former Chairman P. G. BELITSOS 
(right) and Secretary L. E. TREFNY 
(left) welcome WAYNE STONE as the 
new chairman of the Aeronautical 
Drafting Manual Committee. Belitsos 
was recently appointed chairman of 
the new Joint Aeronautical-Automo- 
tive Drawing Standards Committee. 
The Joint Committee was created to 
provide an agency for the development 
of drafting practices mutually accept- 
able to both the Aeronautical Drafting 
Manual Committee and the Automotive 
Drafting Standards Committee. 

The Aeronautics Committee recently 
asked the aero drafting group to con- 
tinue publication of drafting standards 
without the delays which might occur 
through efforts to prepare the Joint 
Aero-Auto Manual. The Aeronautics 
Committee has asked that new aero 
drafting standards be published using 








Welcomes New Chairman 





the new aero-auto format as soon as 
that format is finalized. In this way 
all future effort will be directed toward 
the new Joint Manual thus eliminating 
further revision of the Aero Manual. 
New format aero standards will be 
made available before completion of 
the Joint Manual. 


At a dinner meeting held April 13, 
1957 at the Wings Club, New York City, 
the Aeronautical Drafting Manual 
Committee presented former chairman 
Belitsos with a plaque in recognition of 
his “outstanding leadership in the field 
of aviation drafting standardization.” 


This photograph was taken during 
the April 3-4 meeting of the Aero- 
nautical Drafting Manual Committee 
which coincided with the April 2-5 Na- 
tional Aeronautics Meeting held at the 
Hotel Commodore, New York City. 
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About SAE Members 


Continued from page 92 


ROBERT WILLIAM MARTIN has 
been named project engineer, plant 
engineering, New Departure Division, 
General Motors Corp. Formerly he 
was methods engineer, New Departure 
Division, GMC. In his post Martin 
plans and allocates all plant engineer- 
ing activities for installing new equip- 
ment and material handling facilities 
for new integrated lines. 


EDMOND J. GODIN has been ap- 
pointed sales engineer, series motors, 
General Industries Co., Elyria, Ohio. 
Prior to the new position, Godin was 
sales engineer for Bendix Aviation 
Corp.’s Eclipse Machine Division at 
Elmira, N.Y. 


RICHARD D. KELLY, vice-president 
of the Electric Auto-Lite Co., has been 
appointed director of equipment bat- 
tery sales. He will serve as market 
coordinator in the sale of Auto-Lite 
batteries to customers in the automo- 
tive, marine, farm equipment, mate- 
rials-handling, and aircraft industries. 


GORDON 8S. BOYLE, previously me- 
chanical engineer, has been made me- 
chanical adviser for MacMillan and 
Bloedel Co., Ltd., B.C., Canada. 


EDWARD J. GAFFNEY has joined 
Neodyne Corp., Elm Grove, Wis., as 
vice-president. This corporation was 
formed in March of 1956 to develop 
special equipment and engineering 
services. Gaffney was, previously, en- 
gineer, nuclear power department, 
Allis-Chalmers Mfg. Co. 


O. A. WRIGHT has been named en- 
gineering manager of the Actuation 
Research Corp., Glendale, Calif. 
Wright has been, for the past two years, 
staff engineer for Missile Systems Di- 
vision, Lockheed Aircraft Corp. 

Wright’s SAE activities include 
membership on Committee A-16, Air- 
craft Fuel and Oil Systems and Equip- 
ment; and Subcommittee A-6c, Hy- 
draulic Pumps, Motors, and Air Com- 
pressors, both under the Aircraft Ac- 
cessories and Equipment Division. 


JOHN F. CREAMER, president and 
treasurer of Wheels, Inc., of N.Y., has 
been appointed to the Advisory Board 
for Vocational and Extension Educa- 
tion, N.Y. Board of Education. 


Introducing the NEW, BIGGER 56 HP. 
Model VR4D WISCONSIN 
HEavy-puty 74¢7-(ooled ENGINE... 


Model VR4D Open Engine with 
heavy-duty clutch, rotating 
screen, electrical equipment 
and pre-cleaner. 


® Climaxing years of engineering 
development, this great new engine 
offers manufacturers and users of 
power equipment all the advantages 
of AIR-COOLING, at temperatures 
from low sub-zero to 140° F., in an 
exceptionally rugged engine that 
measures up to any “heavyweight” 
industrial type liquid- 
cooled engine, horsepower 
for horsepower, with many 
plus values. 
The outstanding High 
Torque characteristic of 
the Model VR4D engine, 
combined with 
its extremely 
rugged construc- 
tion and heavy- 
duty stamina, provide 
load-lugging holding pow- 
er, long life and top pow- 
er performance. 


Advanced “V” design pro- 


vides an extremely compact power package, plus all traditional Wisconsin 


heavy-duty features such as tapered 


roller main bearings. 


This new engine rounds ovt a complete line, comprising 15 models in 4-cycle single 


ae 2- and 4-cylinder sizes, from 3 to 56 hp. Write for ‘‘Spec’’ 


rt ius 


a@ WISCONSIN 
wy: o . 
Se 


Bulletin S-207. 


MOTOR CORPORATION 


World's Largest Builders of Heavy-Duty Air-Cooled Engines 
MILWAUKEE 


46, WISCONSIN 


A7-6092-Y, A3 


RALPH H. K. CRAMER has joined 
the engineering department of United 
Air Lines, Inc., as ground equipment 
engineer. His previous position was 
that of design engineer, Wetmore 
Hodges & Associates, Redwood City, 
Calif. 

Cramer is a past SAE chairman of 
Student Committee, Northern Cali- 
fornia Section. 


LIBBUS LEWIS, formerly branch 
manager, White Motor Co., Albany, 
N.Y., is now president of the Con- 
necticut White Truck Corp., West 
Haven, Conn. 


JAMES C. ANTON has been ap- 
pointed a field technician for Chan- 
dler-Evans Division of Pratt and Whit- 
ney Co., Inc. Previously with Bendix 
Products Division, Bendix Aviation 
Corp., as a liaison engineer, Anton has 
now been assigned to the west coast. 


WILLIAM H. MORITZ is now auto- 
motive design engineer for Aero-De- 
troit, Inc., Detroit, Mich. Previously 
he was senior project engineer of the 
Truck and Coach Division, General 
Motors Corp., Pontiac, Mich. 


W. G. SMITH is now technical officer 
and coordinator of special projects, 
Department of National Defense, Lon- 
don, Ont., Canada. Formerly he was 
located in Ottawa, Ont., Canada as 
technical officer. 


LAWRENCE KEHOE has _ been 
named administrative engineer, struc- 
ture and suspension, engineering staff, 
General Motors Corp. Kehoe has been 
with GM for more than 29 years. He 
joined the engineering staff in 1940, 
and has been in charge of the experi- 
mental shop since 1949. 

WILLIAM McINTYRE will succeed 
Kehoe as experimental engineer. Mc- 
Intyre has been with GM since 1939. 
He moved to the engineering staff in 
1946, and has been a senior project en- 
gineer since 1953. 


STEPHEN ZAND, experimental con- 
sultant, Office of the Secretary of De- 
fense, Research and Development 
Board, Washington, D.C., has been 
named to the Advisory Council of the 
Gannon College School of Engineering, 
Erie, Pa. His appointment is for a 
three-year term. 

Zand was SAE vice-president repre- 
senting Aircraft Activity in 1940. 


ROBERT L. PENCE has been named 
assistant managing engineer, Engi- 
neering Division, Chrysler Corp. Pre- 
viously, he was a design engineer with 
the company. He now supervises the 
coordination and scheduling group of 
the chassis design section. 


RUDOLPH H. JANSA has moved 
from project engineer with Stude- 
baker-Packard Corp. to project engi- 
neer with Utica-Bend Corp., Utica, 
Mich. 
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JAMES O. TROEMNER is now de- 
velopment engineer, John Deere Wa- 
terloo Engineering Center, Waterloo, 
Iowa. He moved to this position from 
experimental engineer at the John 
Deere Dubuque Tractor Works, Deere 
Mfg. Co. 


EDWIN C. WATSON is now with 
Westinghouse Electric Corp. as a staff 
assistant in charge of methods and 
economic analysis in the headquarters 
manufacturing laboratory located in 
Pittsburgh. The laboratory is engaged 
in design and installations of internal 
automation equipment. 


CARLOS M. VALDIVIA, formerly 
layout draftsman Hall-Scott Inc., 
Berkeley, Calif., is now mechanical de- 
signer, Engineer Laboratory, Firestone 
Tire and Rubber Co., Monterey, Calif. 


FRANCIS RODWELL BANKS re- 
ceived the 1956 Foreign Fellowship for 
eminence in aeronautics at the 25th 
annual meeting of the Institute of 
Aeronautical Sciences. He is a direc- 
tor of the Bristol Aeroplane Co., Ltd., 
Bristol, England, and has been with 
them since 1954. 


CLARENCE L. JOHNSON received 
The Sylvanus Albert Reed Award for 
1956 for “design and rapid development 
of high-performance subsonic and 
supersonic aircraft.” He is vice-presi- 
dent—engineering and research at 
Lockheed Aircraft Corp. and designer 
of the XF-104 jet fighter. 

STEWART SCOTT-HALL and C. H. 
ZIMMERMAN were awarded fellow- 
ships in the institution for 1956. They 
“have attained a position of distinc- 
tion in aeronautics and made notable 
and valuable contributions in one of 
the aeronautical sciences or aeronauti- 
cal engineering.” Scott-Hall is scien- 
tific adviser, Air Ministry, England, 
and Zimmerman is assistant chief, 
Stability Research Division, Langley 
Aeronautical Laboratory, National Ad- 
visory Committee for Aeronautics. 


EUGENE R. GAMIEL has joined 
Aurora Pump Division, New York Air 
Brake Co., as sales engineer. In his 
new position, he contacts major indus- 
tries for pump specification, applica- 
tion, and sales; engineers hydraulic 
components and circuits for custom- 
ers; and does consultation on pump 
application. 


THOMAS B. RHINES has been 
named chief engineer of Hamilton 
Standard Division of United Aircraft 
Corp. Rhimes joined the Research Di- 
vision in 1932 and was transferred to 
the Hamilton Division as assistant en- 
gineer. Subsequently he served as 
chief production engineer, chief de- 
velopment engineer, and in 1951 as as- 
sistant chief engineer. 


JOHN J. HOSPERS has been cited 
by the Dailas, Tex., Chamber of Com- 
merce at a special “Jack Hospers Day” 
luncheen as “an outstanding asset to 
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NOW! A NEW PEAK 


Magnetic Permanency! 


hes next to impossible to demagnetize 
Stackpole Ceramagnet® (ceramic) permanent 
magnets under any condition of use! Magnet- 
ism is permanently retained even in the pres- 
ence of strong opposing fields or when the 
magnets are used without “keepers” or other 
short-circuit conditions. 

Ceramagnet magnet energy product is 
adequate for practically any need. Non-critical 
ceramic materials are used exclusively. Elec- 
trical resistance approaches infinity. Eddy 
losses are practically nil. Permeability of ap- 
proximately 1.0 is about that of air. 

In most applications requiring relatively 
large sizes or intricate shapes, Ceramagnet 
Magnets show important cost savings. 


Present and pctential uses include: 


LATCHES @ DRIVES @ POLE PIECES @ DOOR CHECKS 
SHUNTING CONTACTORS @ MAGNETIC CHUCKS 
MOTOR ROTORS @ TOYS @ METERS @ RELAYS @ OIL 
FILTERS @ COUPLINGS @ SMALL GENERATORS @ MAG- 
NETOS @ ION TRAPS @ H-F ALTERNATORS @ REGULA- 
TORS @ FOCUSING or DEFLECTING for cathode-ray tubes 
... and dozens of other applications. 


WRITE FOR CATALOG RC-10A 


STACKPOLE CARBON COMPANY 
St. Marys, Pa. 


eee 


4 POLFS ON ONE FACE 


As in this typical magnetic drive 
unit, Stackpole Ceramagnet per- 
manent magnets may be magne- 
tized in various arrangements with 
4-6 or even 8 poles on one face. 


won-macnenc A SEALED MAGNETIC DRIVE 


on oe Ceramagnet assemblies offer 


unique possibilities as drives and 
clutches, including sealed appli- 
cations where unquestioned mag- 


MEMBER netic permanency is a “‘must’’. 


MEMBER 


me aR FUSISE 


see 


(_ CLQ. MAGNET’ 


The Permanent Magnets that are REALLY PERMANENT 





his city.” Hospers is the special as- 
sistant to the president of Chance 
Vought Aircraft, Inc., Dallas. 


N. R. BROWNYER, vice-president 
of Timken-Detroit Axle Division, Rock- 
well Spring and Axle Co., has been ap- 
pointed director of engineering of the 
Axle Division. He will be responsible 
for central design operations, service 
engineering, and the coordination of 
all division engineering activities. 


STANLEY WALLACE has been ap- 
pointed to the position of representa- 
tive in Canada of Vinco Corp., Detroit. 


JAMES K. DICKEY is now sales rep- 
resentative for Rotary Seal Division, 
Muskegon Piston Ring Co., Chicago. 
His previous position was district man- 
ager, National Seal Division, Federal- 
Mogul-Bower Bearings, Inc., also of 
Chicago. 


JEROME OSCAR FELDMAN is now 
engineer, supervising administration 
of reliability control, Arma Divi- 
sion of American Bosch Arma Corp. 
Prior to this position, Feldman was 
production specialist, U.S. Air Force, 
working on “SAGE” Air Defense Sys- 
tem. 


JOHNSON Lappets 


2 


o- 


keep pace with today’s engines 


Continual experimentation and excel- 

lent manufacturing methods show a steady 

product improvement that make JOHNSON 

TAPPETS worthy of your consideration. 

Only proven materials, covering a range 

of steel, chilled iron, and various iron alloys are 

used in the manufacture of JOHNSON TAPPETS, providing greater 
strength, light weight and increased wear resistance. 

Serving the AUTOMOTIVE — AIRCRAFT — FARM — 
INDUSTRIAL — MARINE Industries. 


“tappets are our business” 


JOHNSON (]) PRODUCTS 


MUSKEGON, 


ine. 


MICHIGAN 


DR. WILLIAM F. BALLHAUS has 
been elected vice-president and chief 
engineer of Northrop Division of 
Northrop Aircraft, Inc., Hawthorne, 
Calif. This is a newly established di- 
vision, combining the Hawthorne op- 
erations and related aircraft and mis- 
sile facilities. He was formerly chief 
engineer, Northrop. Aijrcraft, Inc., 
Northrop Field. 


DR. LESTER M. GOLDSMITH, gen- 
eral manager of engineering and con- 
struction, Atlantic Refining Co., has 
recently been cited by the Pennsylvania 
Society of Professional Engineers in 
cooperation with other affiliated engi- 
neering societies, as the Philadelphia 
Engineer of the Year. 

Goldsmith was praised for “his out- 
standing contributions to the Advance- 
ment of the Petroleum Industry, the 
Engineering Profession, and in the 
service of his country.” 


LIONEL D. THOMPSON has joined 
Utica-Bend Corp., subsidiary of Cur- 
tiss-Wright Corp., as product engineer, 
large engines, where he is responsible 
for design and development of large 
high output, lightweight diesels. For- 
merly Thompson was product engineer, 
large engines, Studebaker-Packard 
Corp. 

He was a member of the SAE Diesel 
Activity Committee from 1954 to 1956 
and was vice-chairman of the com- 
mittee in 1955. 


GLEN H. HOLZHAUSEN has joined 
Douglas Aircraft Co., Inc., Santa Mon- 
ica, Calif., as design engineer. Prior 
to his new position, he was design en- 
gineer at McColloch Motors Corp., Los 
Angeles. 


RUSSELL A. BLANCHARD, for- 
merly general sales manager, has been 
named vice-president of Extruded 
Metals Division operations at Detroit 
Gasket and Mfg. Co. 


WILLIAM CLAY FORD, vice-presi- 
dent of Ford Motor Co., has been des- 
ignated vice-president in charge of 
product planning and styling. 


HENRY FORD II has been named 
recipient of the ninth annual Rerum 
Novarum medal of St. Peter’s College. 

He has also received the Grand Band 
Degree of the Order of the Star of 
Africa from the Ambassador of Liberia. 
The African Republic honored Ford 
for “his contributions to human wel- 
fare and his interest in Liberia.” 


ERNEST V. SMUTEK has been 
named sales engineer of Detroit Har- 
vester Co. He was with F. J. Jacobs 
Co., before joining Detroit Harvester. 


ROBERT P. LINDEMAN, formerly 
chief automotive engineer of the Twin 
Cities Division, Minneapolis, Minn., 
Standard Oil Co. of Indiana, has been 
made chief automotive engineer in the 
St. Louis, Mo., branch of Standard Oil. 


continued on page 115 
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Nearly half of all 


American cars and 
trucks built today 
have HYATT Hy-Roll 
Tapered Bearings 


When you think of 
tapered roller bearings 
think of Hlyatr 


Trend gage for servo control of size on race O.D. grinding operation 


—the home of 
ELECTRONIC QUALITY CONTROL! 


For decades, the name HYATT has stood for highest quality 

in roller bearings. Today, it means even higher quality — 

because now HYATT craftsmen have the last word in electronic 
controls to help them produce tapered bearings with greater 
uniformity than ever before achieved in quantity production. 


Today’s HYATT Hy-Roll Tapered Bearings help assure smoother, 
more dependable performance than you could ever build into your 
tapered bearing applications before. Lf you want the best, you 

want HYATT Hy-Roll Tapered Bearings! Hyatt Bearings Division, 
General Motors Corporation, Harrison, New Jersey. 


¢ M Watch “WIDE WIDE WORLD” Sundays on NBC-TV 


sieves 
WYATT Hiy-ROLL BEARINGS 
FOR CARS AND TRUCKS 


SAE JOURNAL, MAY, 1957 


113 





Better Engine 


Operation with 


Oil Coolers 


Heat dissipation in limited area 


The ever higher performance being built into modern 
engines is creating new problems in heat dissipation. Engine 
efficiency, pressures and operating speeds have increased. 
So have operating temperatures of the engine parts. But 
the surfaces and area available for dissipating heat may be 
unchanged or even smaller. Therefore, more heat is drawn 
into the lubricating oil of the engine 

Although friction losses in percent of total power output 
are dropping, the absolute rate of heat generated has gone 
up. This heat may exceed temperatures which the bearings 
are designed to resist and may rise to destructive levels. 

In commercial vehicle, marine and industrial engines, 
heavy work loads are usually frequent or constant enough 
to require an oil cooler to maintain viscosity and to augment 
heat rejection. Such a unit may be attached to the engine or 
built into the engine block. 


LARGE CAPACITY IN SMALL UNIT 


To facilitate concentrated heat dissipation in a small space, 
Long Manufacturing Division of Borg-Warner Corporation 
has developed a compact, plate-type heat exchanger with 
large heat rejection capacity for its size. The unit is ap- 
plicable on or in any engine requiring lubricant cooling. 
Current applications extend to 400 btu/pm. The element's 
rectangular shape is proportioned to be readily adaptable 
to a small aperature in the block where water can be 
circulated. 


yurtesy Gray Marine Motor Co. 


The Long engine oil cooler, installed here on a new 
marine engine, is small, unobtrusive, easily accessible. 


accelerated by new, plate-type unit 


It can also be used for any oil cooling application, such 
as in transmissions, torque converters and hydraulic presses. 


The high efficiency of this cooling element lies in the 
diagonal flow path of the oil across the plates, —s the 
maximum possible length of the unit. Location of the 
fittings gives high velocity turbulence and effective oil 
aden 

Spacers are placed between the plates to allow free 
circulation of the cooling water around this core. The 
assembly is then brazed into an integral structure. Counter- 
flow paths of the oil and water assure maximum heat 
exchange efficiency. 

The turbulators are designed to minimize the pressure 
drop across the plates. Ingenuity in designing flow paths 
and stack arrangements of a single design element, according 
to the operating requirements, contributes to the economy 
of the unit. Any reasonable number of plates may be assem- 
bled in parallel, in series, and in parallel series. 


RUGGEDNESS AT LOW COST 


Manufacturing the casing (in accessory applications) a 
steel stampings instead of fabricating it from castings 
a unique, cost and weight saving feature. Paint protects Aad 
exterior while the waterside is clad with rust- and corrosion- 
resistant cupronickel. The plate shells enclosing the mild 
steel turbulators are formed from stampings of solid 
cupronickel. 
On the waterside this heat exchanger may be readily 
cleaned and the multiple-plate core can be removed from 
the casing without disturbing the water connections. 


Traditional Long engineering and craftsmanship 
assures the quality, efficiency and dependability of this 
oil cooler. It is the first in a series of new products 
from this 53-year old manufacturer of heat exchangers, 
clutches and torque converters. 


An engineering bulletin, including basic heat 
transfer and pressure drop charts from performance 
tests at Long Laboratories, may be had on request. 
The data also lists information requirements for ob- 
taining recommendations on specific applications of 
this and other types of oil coolers. 


Write to Dept. OC 1, Long Manufacturing Divi- 
sion, Borg-Warner Corp., 12501 Dequindre Street, 
Detroit 12, Michigan. In Canada: Long Manufacturing 
Company Limited, Oakville, Ontario. Export Sales: 
Borg-Warner International, 36 South Wabash Street, 
Chicago 3, Illinois. 
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PHILIP W. SKOVE is now with The 
Nash Engineering Co., South Norwalk, 
Conn., working with sales administra- 
tion. Prior to this position he was with 
the New York Air Brake Co. 


ALFRED GOLDBERG has recently 
returned from Tel Aviv, Israel, after a 
tour of 20 months’ duty. Goldberg has 
joined Long Beach Aeromotive, Inc., 
as vice-president and general manager. 


Ww. PALMER LANAGAN and 
GEORGE W. REED have been ap- 
pointed territorial selling agents for 
Du Mont’s TV-Type EnginScope. Lan- 
agan is responsible for Florida and 
Georgia, and Reed covers eastern 
Pennsylvania, western New Jersey, 
Delaware, Maryland, and the District 
of Columbia. The new TV-Type En- 
ginScope was released to the automo- 
tive industry in 1956 and is used to 
pinpoint automotive engine faults by 
displaying the trouble in the form of 
patterns of light on the tv-like screen. 


HAROLD D. CONNELLY has joined 
International Harvester Co. as sales 
engineer. Prior to this position he was 
fleet engineer, Berman Service, Inc., 
Allentown, Pa. 


H. C. MEAD, formerly assistant chief 
engineer, is now chief engineer in the 
engineering department, Guide Lamp 
Division, General Motors Corp. R. N. 
FALGE, previously chief engineer of 
the division, is now technical assistant 
to the general manager. G. W. ONK- 
SEN, formerly research engineer for 
the division, is now engineering head, 
research and development, at Guide 
Lamp. 


JAMES KNOWLES, formerly chief 
product engineer, Ford Motor Co., has 
been named chief transmission engi- 
neer of Ford’s transmission and axle 
group. 

BAIN GRIFFITH, formerly standard 
transmission and axle engineering 
manager at Ford, has been named 
chief axle and chassis components en- 
gineer for the company. 


RICHARD W. FULTON has retired 
from Gulf Oil Corp. after 20 years of 
service, as a T.B.A. marketer, to enter 
into ownership and operation of a 
wholesale selling business of Gulf 
T.B.A. products to service stations. 


BELDING H. McCURDY has joined 
Cargill-Detroit Corp. as chief engineer. 
He now has complete charge of engi- 
neering and estimating design and de- 
velopment of all products and systems. 
Prior to joining Cargill-Detroit, he was 
executive engineer and director of Han- 
cock Mfg. Co., Jackson, Mich. 
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SIDNEY C. PALMER has trans- 
ferred from general manager, sales and 
service department, Aviation Gas Tur- 
bine Division, Westinghouse Electric 
Corp. Kansas City, Mo., to New York 
City as area manager of the marine 
and transportation activity. 


MILO M. DEAN, formerly assistant 
control manager, Mercury Division, 
Ford Motor Co., has been named man- 
ager of the quality control department 
of Ford. 
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JOHN BENNETT REA, formerly 
supervisor of service training, Ford 
Motor Co. of Canada, Ltd., has been 
made assistant to the mechanical 
superintendent of Sprostons (Jamaica) 
Ltd., Kingston, Jamaica, B.W.I. 


CHARLES STEWART MOTT, a 
General Motors Corp. director, has 
been chosen as Michigan engineer of 
the year at an inter-society dinner 
held on February 21, in the SAE Mid- 
Michigan Section. He was cited for 


CASTINGS 


Special alloy castings, whose chemistry is 
controlled precisely as a druggist’s prescription, 
have been our business since this company 

was organized in 1946. 

Specializing in small electric furnace castings 
in high volume, we have developed meticulous 
control methods which enable us to turn out 
metal with uniformly precise metallurgical and 
physical properties. Parts are cast to extremely close 
tolerances — dimensionally and metallurgically. 


We produce in high volume — alloyed gray and 


Supplier to the automotive, 
aircraft, hydraulic and special- 
ized machine industries. 


ENGINEERING CASTINGS, 


white irons, high alloy steels and special alloys— 
—each developed for its own particular service 
conditions and operating requirements. 


INC. 
Marshall, Michigan 


Licensed Producers of Ni-Hard, Ni-Resist, 
Ductile Iron, and Ductile Ni-Resist 





Engineering Careers 
at Curtiss-Wright 


Curtiss-Wright’s planned expansion and product diversifica- 
tion program creates requirements in 1957, 58, 59, for engi- 
neers and scientists in a number of different technical fields 
and at almost every level of experience. These are permanent, 
career positions, for this is a carefully planned program. Start- 
ing salaries are excellent and are related directly to your 
education and experience. Company benefits are outstanding 
and there are adequate provisions for Advanced Study Assist- 
ance to those who qualify. 


Positions are available in plants located in several states, giving 
you a choice of geographical location. Work assignments range 
from pure research in specialized fields to production control 
of current manufacturing. Products range from plastics for 
the consumer market to new concepts in powerplants and 
propulsion systems. Especially interesting to the scientist or 
engineer are the opportunities offered in the following fields. 
ROCKET PROPULSION 
THERMODYNAMICS 
COMBUSTION 
DIGITAL COMPUTERS 
INSTRUMENTATION 
CHEMISTRY 


AIRBORNE RADAR 


AERODYNAMICS 
HEAT TRANSFER 
FUELS & LUBRICANTS 
METALLURGY 
NUCLEAR PHYSICS 
ANALOG COMPUTERS 
FLIGHT SIMULATION 
JET PROPULSION PLASTICS 
SUPERSONIC AIRFLOW GUIDED MISSILES 
STRESS AND VIBRATION 

These are some of the important activities going on in the 17 
Divisions of Curtiss-Wright. In such an environment engineer- 


ing and scientific skills grow and the individual has opportunity 
to demonstrate his professional ability. 


If you are interested in associating yourself with a company 
which recognizes your individual progress, if you want the 
stability that comes with diversification of products, then you 
should send a resume, giving your preference in type of work, 
as well as your education and experience to: 


R. G. Conrad, 
Manager, Engineering Recruiting, Dept. G 4 


Curtiss-Wright Corporation, Wood-Ridge, N. J. 
ALL REPLIES CONFIDENTIAL 


EE 


CORPORATION + WOOD-RIDGE, N 








his “outstanding contributions in 
building a better community. He has 
‘created’ a model community school 
concept; ‘designed’ a renowned adult 
educational program; ‘developed’ a 
model junior college; and ‘engineered’ 
a big segment of the new four-year 
college.” 


ROGER POCOCK has been trans- 
ferred to Cummins Engineering Co.’s 
new plant in Scotland. Prior to his 
relocation, he was automotive applica- 
tion engineer, Cummins Engineering 
Co., Columbus, Ind. 

Pocock has served as field editor for 
SAE Journal in the Indiana Section. 


WILLIAM H. BACON, has been ap- 
pointed group leader, knock testing, at 
Tidewater Oil Co.’s Delaware Refinery. 
He has previously been group leader in 
the automotive laboratory in Delaware. 


C. A. NICHOLS has been appointed 
technical assistant to the vice-presi- 
dent in charge of process development 
staff of General Motors Corp. He 
joined the GM Technical Center from 
Delco-Remy Division, Anderson, Ind., 
where he was director of manufactur- 
ing facilities. 


At the annual shareholder’s meet- 
ing of Minneapolis-Moline Co., the fol- 
lowing three SAE members’. were 
elected to the board of directors: 
VOLLMER W. FRIES, WARREN C. 
MacFARLANE, and WAYNE H. Mac- 
FARLANE. 


ARTHUR A. AYMAR is now with 
AiResearch Mfg. Co., Garrett Corp., 
Phoenix, Ariz., in preliminary design. 
Previously he was senior project engi- 
neer, Stratos Division, Fairchild En- 
gine and Aircraft Corp. 

Aymar was SAE vice-chairman for 
Aeronautics of Metropolitan Section 
for 1956-1957. His resignation was 
caused by relocation. 


JERRY J. TABOREK has been 
named project engineer—research and 
development, Phillips Petroleum Co., 
Bartlesville, Okla. His previous posi- 
tion was development engineer, Tow 
Motor Corp., Cleveland. 


J. GARRETT FORSYTHE, JR. has 
joined Turbomotor Division, Curtiss- 
Wright Corp., as analytical engineer. 
Previously he was project engineer, 
Scott Paper Co., Chester, Pa. In his 
new position he works with design and 
stress analysis of gears and gear boxes 
used in aviation gas turbines and other 
mechanical devices. 


RONALD E. TRENKER is now 
with General Electric Co. of Utica, N. 
Y. in the Light Military Electronic Di- 
vision. 


DONALD H. MONSON, formerly 
chief engineer at the Kenosha plant of 
American Motors Corp., has been 
named to the newly created position of 
manufacturing engineer. 

continued on page 118 
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Save horsepower 






DONALDSON 
AIR CLEANER 


DONALDSON 
MUFFLER 


DONALDSON AIR CLEANERS 


and MUFFLERS 


Cleaner air for combustion and less exhaust back pressure give you 
better performing engines that deliver full rated horsepower longer. 

The truck shown above, operates both over the road and off the 
highway. Severe dust conditions are often encountered, but the 
Donaldson cleaner delivers dust-free air to the engine at all times, 
removing the cause of most wear. 

At the other end of the combustion cycle a Donaldson muffler 
discharges exhaust gases with a low, pleasing tone . . . without harm- 
ful back pressure. The engine delivers full power on less fuel and with 
less valve wear. 

Test the performance of your engine with a Donaldson air cleaner 
and muffler. Many leading manufacturers have found that by 
“going Donaldson all the way,” they build customer satisfaction 
through better engine performance. 





DONALDSON COMPANY, INC. 


at both ends 





— 


Collector 
pre-cleaner 


DONALDSON 
Oil-washed-air 
cleaner 


DONALDSON 
Aluminized-steel 
muffler 


a 





666 Pelham Bivd. 
St. Paul, Minnesota 


Grinnell, lowa; Oelwein, lowa e DONALDSON COMPANY (CANADA) Ltd., Chatham, Ontario 
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GORDON M. BUEHRIG, previously 
station wagon planning manager of 
Ford Division, Ford Motor Co., is now 
with Ford Advanced Car Engineering. 

He is an active member of SAE, hav- 
ing served on the SAE Body Activity 
Committee for the last six years. In 
1954 he was SAE vice-president rep- 
resenting Body Activity and is now 
Membership vice-chairman for that 
committee. 


THOMAS E. RICHARD has been 
made engineering section manager, 
Air Associates, Inc., Teterboro, N.J. 
Previously he was supervisor of me- 
chanical engineering at Air Associates. 


EDWARD J. SULLIVAN has joined 
Lincoln Division of Ford Motor Co. as 
retail merchandising manager at the 
Kansas City district sales office. 


A comprehensive study of the me- 
chanics of vehicle mobility, the “The- 
ory of Land Locomotion,” has been 
written by LT.-COL. M. G. BEKKER, 
Technical Director of the Land Loco- 
motion Research Laboratory, Depart- 
ment of the Army. The book under- 
takes to give a more accurate knowl- 
edge of the process in which a vehicle 
affects the physical medium through 
which it operates and the way in which 
the medium, in turn, affects the de- 
sign or use of the vehicle. 

Placing particular emphasis on off- 
the-road vehicles, the book discusses in 
detail problems of soil and snow me- 
chanics; size-form relationships as an 
index of economy; terrain conditions; 
the process of moving tracks, skis, 
sleds, toboggans, rigid wheels, and 
pneumatic tires; static and dynamic 
behavior; and dimensional analysis, 
testing, and overall economy. 

Published at $12.50 by the University 
of Michigan Press, Ann Arbor, Mich., 
the book is being used as a textbook 
for two new graduate courses in auto- 
motive engineering which Bekker and 
PROF. E. T. VINCENT, chairman of 
the Department of Mechanical Engi- 
neering, University of Michigan, are 
teaching at the university. 


A. O. MALONEY is the new plant 
manager of Chrysler Corp.’s Lynch 
Road plant. Prior to this post he had 
been factory manager since 1952. He 
joined Chrysler in 1948 as a student 
at the Chrysler Institute of Engineer- 
ing and was made chief metallurgist at 
Lynch Road in 1943. 


SUMNER E. CAMPBELL is now di- 
rector of research, Macmillan Petro- 
leum Corp., Los Angeles, He has been 
associated with Macmillan for 21 years, 
interrupted by an extended absence as 
director of research and development, 
Palomar Oil and Refining Corp., Bak- 
ersfield, Calif. 
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HOWARD N. CLARK is now sales 
engineering representative in western 
N.Y. state. The companies which he 
represents are: Beemer Engineering 
Co., New England Spring Mfg. Co., In- 
dustrial Retaining Ring Co., Fasteners, 
Inc., and Thompson-Bremer & Co. 

Clark organized the SAE Rochester 
Division, Buffalo Section, in 1953 and 
was first regional vice-chairman for 
Rochester. 


JAMES E. MURPHY of Chrysler 
Corp. has been named coordinator of 
sales for the divisions in the N.Y. zone. 
He joined Chrysler in 1947 and was 
Eastern zone manager for Dodge for 
two years. 


JACK C. BASSIE is now supervisor, 
mechanical design operation, controls 
section, Aircraft Gas Turbine Division, 
General Electric Co. His previous po- 
sition was supervisor, controls and ac- 
cessory section, gas turbine depart- 
ment, Ford Motor Co. 


JOHN G. McNAB has been appointed 
coordinator of petroleum products and 
medical research at Esso Research and 
Engineering Co. Previously McNab 
was deputy coordinator for the com- 
pany. 


RICHARD T. AGSTER has been 
named president of Petroleum Packers, 


Inc. Prior to this position he was 
manager, petroleum department, 
United Co-Operatives Inc., Alliance, 
Ohio. 


ALFRED B. RODE, previously design 
draftsman at the Longueuil Plant, Que- 
bec, Canada, Canadian Car and 
Foundry Co., Ltd., has been made a de- 
signer with the company. 


JAMES R. HARRISON has been 
given new responsibilities in the Mich- 
igan sales department of the Valve Di- 
vision of Eaton Mfg. Co., Cleveland. 
Previously he was assistant sales man- 
ager of the Saginaw Division. 


L. H. DIEHL, JR., a vice-president 
and director, will head the Automotive 
Division operations, Detroit Gasket 
and Mfg. Co. 


D. WOLKOV is now employed as 
chief engineer for Midwestern Instru- 
ments, Tulsa, Okla. Formerly he was 
chief engineer, Superior Magneto 
Corp., Long Island City, N. Y. 


WILLIAM HOWARD McCOY has 
retired from senior partnership in the 
McCoy-Melling Engineering Co. of 
Ferndale, Mich. 


RICHARD G. RUFFE has joined the 
Convair Astronautics Base, Fla. as test 
engineer. He was previously test en- 
gineer at Ford Motor Co. 


JOEL WARREN MAXEY, past as- 
sistant supervisor, plant engineering 
section of Ford Motor Co., has become 
superintendent, powerplant, building 
services, piping, plumbing, and hydrau- 
lics at Ford Motor Co.’s Research and 
Engineering Center. 










































To the 
ENGINEER 
of high 
ability 
Through the 


efforts of engineers 
The Garrett Corporation 
has become a leader in many 
outstanding aircraft component 
and system fields. 
Among them are: 
air-conditioning 
pressurization 

heat transfer 
pneumatic valves and 
controls 


electronic computers 
and controls 


turbomachinery 


The Garrett Corporation is also 
applying this engineering skill to the 
vitally important missile system 
fields, and has made important 
advances in prime engine 
development and in design of 
turbochargers and other 
industrial products. 
Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your creative 
talents and offer you the opportunity 
to progress by making full use of 
your scientific ability. Positions 
are now open for aerodynamicists 
... mechanical engineers 
... mathematicians... specialists in 
engineering mechanics .. . electrical 
engineers . . . electronics engineers. 
For further information regarding 
opportunities in the Los Angeles, 
Phoenix and New York areas, 
write today, including a resume 
of your education and experience. 


Address Mr. G. D. Bradley 


THE | GARRETT E-- T NG-t 


9851 So. Sepulveda Blvd. 
Los Angeles 45, Calif. 
DIVISIONS 
AiResearch Manufacturing, 
Los Angeles 
AiResearch Manufacturing, 
Phoenix 
AiResearch Industrial 
Rex — Aero Engineering 
Airsupply — Air Cruisers 
AiResearch Aviation 
Service 
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AiResearch MISSILE AUXILIARY 


This AiResearch auxiliary power 
package operates the vital electrical 
and hydraulic systems in a missile. 
Gases from a solid propellant spin 
the unit’s turbine wheel at 50,000 
rpm. The turbine’s shaft drives the 
following: a 650 watt generator which 
supplies electrical power to run the 
missile’s guidance system; a 35 watt 
generator which runs the missile’s 
gyros; a hydraulic pump which in 
turn powers the servos that control 


POWER UNIT 


Compact, reliable system features 
high output with simplicity of design 





the movable flight surfaces of the 
missile’s airframe. 

The hydraulic system features 
drilled passages which eliminate the 
need for potentially troublesome 
plumbing. It includes reservoir, 
filters, temperature compensator, 
relief valve, check valve, and squib 
valve within a single housing. 

This auxiliary power system is an 
example of AiResearch capability in 
the missile field. Inquiries are invited 






SPECIFICATIONS: 


Output: 650 watts, 5000 cycles, 
115 volts, single phase 
35 watts, 400 cycles, 115 volts, 
single phase 
0.6 gal. per min. at 2000 psi 
hydraulic pressure 












Regulation: + 5% voltage and 









frequency 
Duration: 27 seconds 
Weight: 9.5 pounds 
Size: 6.14 in. diam., 
6.74 in. long 





Ground power: compressed air 






regarding missile components and 
sub-systems relating to air data, heat 
transfer, electro-mechanical, auxil- 
iary power, valves, controls and 
instruments. 


Outstanding opportunities for qualified engineers 


AiResearch Manufacturing Divisions 


Los Angeles 45, California... Phoenix, Arizona 


Designers and manufacturers of aircraft and missile systems and COMponeNts: REFRIGERATION SYSTEMS + PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS 
WEAT TRANSFER EQUIPMENT + ELECTRO-MECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS 





CABIN AIR COMPRESSORS + TURBINE MOTORS + GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS ~- 
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2-SPEED 
HYPOID SINGLE-SPEED HYPOID-HELICAL 
: 1ON! HYPOID-HELICAL DOUBLE-REDUCTION! 
Whatever your requirement ee 
- ee er A rugged single-speed power DOUBLE-REDUCTION! This final drive gives you the 
for highway or off-the-road train that provides the very This advanced single-speed most advanced two-speed 


equipment—Timken® offers maximum in single reduction double-reduction final drive  double-reduction gearing 
full li f drivi trail performance. delivers consistently high per- available today. 
you a full line of ariving, tralier ‘ k formance either on or off the 


and front axles .. . brakes and 
gear boxes . . . backed by over 
50 years of manufacturing ex- 
perience and proved by field 
performance and laboratory 
testing. 

One example of the engi- 
neering features and superior 
quality built into every 
Timken-Detroit product is the 
improved ‘3 for 1’’ Letter 
Series Axle. 


WORLD’S LARGEST MANUFACTURER OF AXLES FOR TRUCKS, 











IMPROVED TIMKEN “3 FOR 1” LETTER SERIES 
DRIVING AXLES WILL DO THE JOB BETTER THAN EVER BEFORE! 


With the “3 for 1” you gain maximum 
interchangeability. You have your 
choice of three interchangeable final 
drives ...using the same housing, hubs, 
drums, brakes and axle shafts. All parts 
are standard production items. 


Timken-Detroit “3 for 1” Letter Se- 
ries Driving Axles give you longer op- 
erating life . . . lower maintenance cost 
...smaller replacement parts inventory. 


Check these ‘3 for 1" features: 


Improved Hypoid Gears! Redesigned 
offset and increased Hypoid gear diam- 
eter provide longer gear life, smoother 
performance, and quieter operation. 


BUSSES AND TRAILERS 


Refined two-speed shift collar and 
cross shaft! Improved design gives 
positive locking action—reduces gear 
wear and maintenance. Each set of 
teeth performs but one function, driv- 
ing or locking. 


Improved torsion-flow axle shafts! 
More splines per shaft and increased 
root diameter give greater torsional 
strength, longer life. 


Famous time-proved differential— 
rugged, reliable and smooth! Extra 
strong gear body and teeth, plus hot- 
forged trunnion, give long trouble-free 
operation even under the roughest 
kind of treatment. 


Hot forged steel axle housing! The 





rectangular form of these high-carbon 
steel housings is the lightest, strongest 
shape of housing that is available 
today. 

improved ‘’P’ Series Power Brakes 
and ‘‘DH” Series Hydraulic Brakes! 
Available in a complete range of sizes, 
these advanced brakes offer the most 
dependable stopping power—lower 
maintenance cost—easy adjustment and 
longer service. 

Plants at: Detroit, Michigan * Oshkosh, Wisconsin 


Utica, New York * Ashtabula, Kenton and Newark, 
Ohio * New Castle, Pennsylvania 


TIMKEN 


AXLES 


ROCKWELL SPRING AND AXLE COMPANY 


pan Accppted Ki) [Yi Standard” 


meoerense 


vesoe mane 
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lo SU FUEL INJECTION SYSTEMS 
ae : Less Fuel, More Mileage 


9 Simmonds SU Fuel Injection Systems, now in U. S. production, 
2 are currently proving fuel economies of more than 20% on U.S. 
© & © © 2 ordnance engines up to 1000 h.p. The SU Fuel Injection System 
has recently completed a 150-hour CAA and Air Force engine 
aan Bie? EEE Gece”: EGE GE S| model test and is being adapted to higher horsepower engines. The 
. System is currently being modified for use on passenger cars, trucks, 
buses, farm equipment, and earth and snow removal equipment. 
A multiple point, low-pressure, timed, speed-density injection 
system, Simmonds SU Fuel Injection offers these proven advan- 
tages: it overcomes major icing problems to give improved cold 
starts; it eliminates the need of hot-spots and pre-heaters and sim- 
plifies manifold ducting; it provides increased power output due to 
removal of intake obstructions. The Simmonds System also provides 
improved fuel distribution and better cylinder head cooling — its 
operation is not affected by engine attitude. 
Complete information on SU Fuel Injection Systems will be 


supplied on request. 


iIMIFMIONdsS AEROCESSORIES, INC. 


General Offices: Tarrytown, N. Y¥. * Branch Offices: Dayton, Ohio * Detroit, Mich. « 
St. Lovis, Mo. * Dallas, Texas * Wichita, Kans. * Glendale, Cal. * Seattle, Wash. 
* Sole Canadian Licensee: Simmonds Aerocessories of Canada Limited — Montreal 
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Obituaries 
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ELVERTON W. WEAVER 


Elverton W. Weaver, member of SAE 
for 46 years, died November 12 in 
Cleveland Heights, Ohio. 

Weaver was born in 1880 and be- 
came a member of SAE in 1910 when 
the Society was only five years old. 
Between 1904 and 1908, he worked as 
draftsman and designer in various 
New York motor car companies until 
joining Peerless Motor Car Co. of 
Cleveland as designer. He worked at 
Peerless until 1914 when he became 
consulting engineer, Weaver and Kem- 
ble, Cleveland. 

In 1926, Weaver was made chief en- 
gineer, automotive department, George 
T. Trundle, Jr., Engineering Co., Cleve- 
land. From 1932 to 1937 he was auto- 
motive engineer for Ferro Machinery 
and Foundry Co., and then returned 
to Trundle Engineering Co. as auto- 
motive engineer. In 1940 he became 
construction engineer at the Towmotor 
Co., Cleveland, and remained there 
until retirement in 1951. 


CARL B. PARSONS 


Carl B. Parsons, 72, president of the 
Parsons Co. of Detroit, died Dec. 21, 
1956. He had been a member of SAE 
since 1925 and had served as vice- 
president representing Passenger Car 
Body Engineering in 1931. 

Parsons came to this country from 
Sweden at the age of 16 and was grad- 
uated from the Andrew F. Johnson 
School of Body Design. He served his 
apprenticeship as a body builder at 
Kimball’s in Chicago and later organ- 
ized the Standard Limousine Co. 

He was given ,credit by the Old 
Timers Club for producing the first 
closed sedan passenger-car body which 
was delivered in 1910 mounted on a 
Marion chassis. During the next few 
years he held the position of chief body 
engineer at Mitchell (later Nash), 
Cadillac, and Studebaker. 

In 1912 he founded the Parsons Mfg. 
Co. and after 12 years of successful op- 
eration this business was purchased by 
Motor Products Corp. where Parsons 
joined the staff. In 1928 he formed 
the Parsons Corp. 

In addition to his membership in 
SAE, Parsons held membership in the 
Old Timers Club, the Engineering So- 
ciety of Detroit, and the American So- 
ciety of Body Engineers. 


LAWRENCE DALE BELL 


Lawrence D. Bell, president of Bell 
Aircraft Corp., died October 20. 

Bell was born in 1894 in Indiana and 
became a mechanic for his brother, 
Grover E. Bell, and Lincoln Beachey, 
exhibition fliers, in 1912. In 1915 he 
joined Glenn L. Martin Co., Los An- 
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geles, as shop mechanic. He was later 
named general superintendent of the 
Santa Monica plant and subsequently 
managed the Cleveland plant. During 
this time he was vice-president and 
general manager of Glenn L. Martin. 
In 1928 he was named general sales 
manager of Consolidated Aircraft Corp. 
of Buffalo, N. Y., and vice-president 
and general manager in 1929. In 1935 


Bell and associates organized the Bell 
Aircraft Corp. of Buffalo. 

Bell had served as president of War 
Production Council, East Coast, Inc., 





AUTOMATIC RESET 


and National Aircraft War Production 
Council. He was chairman of the 
board of W. J. Schornberger Co., Cleve- 
land, and Erie Insurance Co. He had 
been a director of Irving Airchute Co., 
Niagara Share Corp., and on the board 
of governors for Aircraft Industries 
Association. 

Bell joined SAE in 1918 and received 
the Daniel Guggenheim Medal in 1944 
for achievements in building military 
planes and contributions to plant pro- 
duction methods. 

continued on page 125 
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MOTOR PROTECTOR 


... NEW... but proved for positive protection against over- 
loads and short circuits in low-voltage electrical equipment! 


Yes, Fasco’s new “1133” is now accepted as a standard safeguard 
for motors used in such applications as actuating seats, window-lifts 
and windshield wipers. Leaders in the automotive field regard its 
unique ability to protect low-voltage electrical equipment . . . and its 
dependability . . . as proof that it pays to 


CONSULT FAS$CO ... FIRST! 


AUTOMOTIVE 


Fla\s|cla 





INDUSTR 


ROCHESTER 


DIVISION 


INC. 


YORK 


2. NE WwW 


DETROIT OFFICE—12737 PURITAN—PHONE: UN 17476 
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MECHANICS Roller Bearing UNIVERSAL MECHANICS Close-Coupled UNIVERSAL 
JOINTS excell for both main drives and JOINTS transmit more power — in less space 
controls — in all kinds of material handling — at greater angles than any other joints. 
trucks. Have transmission flanges for any Let MECHANICS engineers help give your 
type of brake drum. Easy to service — machines competitive advantages. 
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‘aha | EN thew 


BUCYRUS 


‘Export Sales: Borg-Warner International 
79 E. Adams, Chicago 3, Illinois 


MECHANICS UNIVERSAL JOINT DIVISION ewe?) Gala a 
Borg-Warner « 2022 Harrison Ave., Rockford, Ill. mad | Sachons LOVETT . \ ff 
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Obituaries 
Continued from page 123 


BYRON E. SNOW 


Byron E. Snow, director of sales, 
original equipment, Hoover Ball and 
Bearing Co., died Aug. 30, 1956. 

Prior to joining Hoover Ball and 
Bearing, he had been serving since 
1953 as manager, Chicago office, Aero- 
quip Corp. 

Snow was educated at the University 
of Michigan and began in industry in 
1928 as an interior architectural de- 
sign assistant with Donald Caniard, 
Jackson, Mich. 

Two years later he became assistant 
to the pipe line superintendent at Con- 
sumers Power Co. in Jackson. 

In 1933 he formed the Byron Snow 
Studios, an interior and architectural 
design firm, which he operated for 10 
years. 

In 1943 he joined Aeroquip Corp. as 
a sales engineer and subsequently 
served as a company representative. 
Three years later he became general 
manager and senior partner, Aeroquip 
Sales and Engineering, Ltd. 

In 1949 Snow was named vice-presi- 
dent and general sales manager, Aero- 
quip Sales and Engineering, Inc. 


E. O. DIXON 


E. O. Dixon, vice-president in charge 
of research and metallurgy, Ladish 
Co., died on Nov. 4, 1956. He was a 
member of the SAE Engineering Mate- 
rials Activity Committee and Iron and 
Steel Technical Committee Division 2. 

Dixon attended Crane College in 
Chicago and the University of Illinois 
where he studied chemical engineering. 

In 1919 he joined International Har- 
vester Co. as a junior metallurgist. 
Two years later he was made heat 
treatment foreman for the company 
and in 1923 he was named chief metal- 
lurgist. 

Five years later Dixon joined Ladish 
Co., which was then Ladish Drop Forge 
Co., as chief metallurgist. He was 
named vice-president in charge of re- 
search and metallurgy in 1952. 


KENNETH W. HILDENBRAND 


Kenneth W. Hildenbrand, chief in- 
spector, Monroe Auto Equipment Co., 
Monroe, Mich., died on March 1. 

Hildenbrand was born in 1898 and 
attended the Drexel Institute in 1917 
and 1918. In 1922 he became an as- 
sistant in the engineering department 
of the Philadelphia and Reading Rail- 
way Co., and subsequently factory rep- 
resentative and Detroit branch man- 
ager of the John Warren Watson Co., 
Philadelphia. He served as Detroit 
manager from 1929 until 1935 when he 
became factory manager of Watson Co. 
and remained in this position until 
1943. At this time he became chief 
inspector for the Monroe Auto Equip- 
ment Co. 

Hildenbrand joined SAE in 1933. 

continued on page 127 
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AUTOMATIC lubrication system pumps 
grease through 90’ of 4%” O.D. Nylaflow 
Pressure Tubing. (Right) Installation is 
quick and easy. Here, Nylaflow is used 
with standard metallic flareless fittings. 


Nylaflow’ pressure tubing helps 
advance automotive engineering 


Nylaflow meets stringent under-hood per- @ crush and abrasion resistant 
formance requirements at 40% of the cost @ light, flexible, easy to install 

of a metal tubing system which would @ serves wide temperature range 
require flexible couplings and intermedi- ®@ corrosion and chemical resistant 
ate fittings. In addition it proves feasible 
with standard metallic fittings, required 
no prebending, is light and safer to use 
on assembly lines. 


Nylafiow is manufactured to conform 
with Polymer Specification NYT-800. 
Each batch is tested for burst strength, 
resiliency, impact and cold brittleness. It 
NYLAFLOW Pressure Tubing is avail- is 100% proof pressure tested. 

able in 1000 psi. and 2500 psi. short time 
burst strengths, which conform to J.1.C. 
specifications for low and medium pres- nits epee dite on 
sures. It is a tough, resilient polyamide characteristics, properties 
tubing with these unusual advantages: and applications. Mail 


e high burst rating at low cost coupon for your copy. 


@ extremely long flex and vibrational 
life 


NEW BULLETIN con- 


THE POLYMER CORPORATION OF PENNA. 


Reading, Pa. 
Export: Polypenco, Inc., Reading, Pa., U.S.A. 


POLYPENCO nylon, POLYPENCO Tefion], NYLAFLOW@ 
and NYLATRON®GS Tou Pont TRADEMARK 


ume POLY PENCO 
THE POLYMER CORPORATION OF PENNA, oe ’ 
Dept. SA-57 es 
Reading, Pa. 


Please send me a copy of the NYLAFLOW Data Booklet. 
Please send me a copy of Polymer Specification NYT-800. 
Have a NYLAFLOW Representative call. 
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“ONTOS'!: 


Low, lean and lethal — this is the “Ontos,” new 
land combat vehicle of the U. S. Marine Corps, 
with more firepower than any other in history. 


Highly maneuverable, it is a hit-run weapon 
which relies upon its low silhouette to get in, strike 
and get out fast. 


This low silhouette is made possible, in part, 
through an airplane-type fuel cell — built by 
Goodyear Aviation Products—which is “tunneled” 


so that the vehicle’s drive shaft runs right 
through it. 


By utilizing bladder cells and aircraft-type fittings 
to replace conventional rigid metal-tank construc- 
tion — fuel-tank bounce, vibration and corrosion 
problems are eliminated. 


Produced by Allis-Chalmers at its La Porte, 


land-bound fighter 
with airplane-type 
fuel cells 


Indiana, Works, the Ontos gets its name from the 
Greek for “the Thing.” And what a thing it is: 
a multi-purpose combat vehicle that does the work 
of twelve — a feat made possible partly by aero- 
nautical pioneering. 


Goodyear Aviation Products Division is a leader 
in the field of fuel cells, for aircraft, boats, guided 
missiles and vehicles. For full information, write: 
Goodyear, Aviation Products Division, Dept. 
E-1728 Akron 16, Ohio, and Los Angeles 54, 
California. 
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Obituaries 


Continued from page 125 





DEWEY H. CAMPBELL 


Dewey H. Campbell, chief engineer, 
P & G Mfg. Co., Portland, Ore., died on 
July 17, 1956. 

With only a grammar school educa- 
tion, Campbell started in industry 
learning both the mechanic and the 
machinist trades by apprenticeship. 

In 1936 he joined Harold Blake Con- 
struction Co. in Portland, Ore., as a 
master mechanic. Two years later he 
organized the Winterset Welding and 
Machine Works in Winterset, Iowa, 
which he operated until 1942. His next 
four years were spent as welding in- 
structor with Commercial Iron Works 
and Northwest Marine Iron both in 
Portland. 

Following this he formed Campbell’s 
Diesel Service at Newport, Ore., where 
he was a General Motors Corp. dealer 
in marine and industrial engines, cov- 
ing both sales and service. It was at 
this time that he invented his “valve 
gapper,” a tool which checks valve gap 
on overhead valves with dial indicator. 

Campbell joined P & G Mfg. Co. in 
1953 as director of research and sub- 
sequently served as research and de- 
velopment manager and chief engineer. 


J. ALLAN MAHONEY 


J. Allan Mahoney, sales engineer, 
Hercules Motor Corp., Canton, Ohio, 
died February 19. 

Mahoney was born in 1891 and 
started working in 1912 as an ap- 
prentice for Allis-Chalmers Mfg. Co., 
Milwaukee, Wis. He later was named 
foreman and special representative for 
Allis-Chalmers, and, in 1920, branch 
manager until 1924. He then joined 
Ford Motor Co. as a field representa- 
tive, and, from 1925 to 1928, was en- 
gineer for Vacuum Oil Co. of Milwau- 
kee, Wis. 

In 1930, when he joined SAE, he was 
sales engineer, Waukesha Motor Co., 
Waukesha, Wis., where he served until 
1943. Mahoney became division man- 
ager and subsequently sales manager 
of the Climax Engineering Co., Clinton, 
Iowa, serving with them from 1943 un- 
til 1946. 

He was then named sales engineer of 
the Hercules Motor Corp. of Canton. 


GEORGE J. HAUSAMANN 


George J. Hausamann, staff engineer, 
engineering and sales, Eclipse-Pioneer 
Division, Bendix Aviation Corp., died 
January 11. He had been with Eclipse 
since 1922 when it was Eclipse Machine 
Co. 

Hausamann was born in 1888 in 
Constance, Germany, and received a 
B.S. degree in electrical engineering 
from Cooper Union Institute in 1915. 

He began in industry in 1905 with 
the I.R.T. Co. of New York and in 1907 
was made foreman with the Cross Elec- 
trical Co. in Hoboken, N.J. 
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Hausamann was made chief elec-/ 
trician for the Knickerbocker Hotel 
in 1910 and from 1913 until 1922 he 
was general foreman and service engi-| 
neer with Bijur Motor Appliance Co. in 
Hoboken. 


ROBERT J. WOODS 


Robert J. Woods, aircraft design con- 
sultant, Bell Aircraft Corp., and SAE 
vice-president representing Aircraft 
Activity in 1951, died in November, 
1956. 

Following graduation from the Uni- 
versity of Michigan in 1928, Woods 
joined the National Advisory Commit- 
tee for Aeronautics as an aircraft re- 
search engineer. The next year he 
spent as an engineer in aircraft design 
with Towle Aircraft Corp. and the fol- 
lowing year he worked as a project en- 
gineer with the Detroit Aircraft Corp. 

Two years later he joined Lockheed 
Aircraft Corp. as a project engineer 
and in 1933 he transferred to Consoli- 
dated Aircraft Co. 

Woods joined Bell Aircraft in 1935 as 
director and chief design engineer, and 
served in that capacity until 1954 when 
he became a consultant for Bell. 


LAWSON H. FREW 


Lawson H. Frew, senior staff engi- 
neer, Shell Oil Co., died January 31. 

Frew was born in 1909 in Indiana 
and graduated from Purdue University 
in 1933 with a B.S. in chemical engi- 
neering. From 1939 to 1942 he was 
layout engineer at Continental Can 
Co., Inc., Milwaukee. He then joined 
Chrysler Corp. in the DeSoto Division 
as project engineer. 

In 1945 he became staff engineer 
and subsequently senior staff engineer, 
Shell Oil Co. 


RICHARD C. LONG 


Richard C. Long, manufacturers’ 
representative, Truck Equipment Co., 
died March 13. 

Long, who was a member of SAE 
since 1932, had served as Metropolitan 
Section chairman in 1948-1949. 

From 1922 to 1933 Long was sales 
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manager with Wheels, Inc. He was NO 
made manager of the company in . 
1934. The following year he was MODEL CYL. HP 
named vice-president of the firm. A65-8F... ..... 4 65 
In 1943 he joined Warner Electric japon ess : 
Brake Mfg. Co. which later became £225. vn é 
Warner Electric Brake and Clutch Co. 0-470-K &L.... 6 
Long was made district manager for ee ee 6 
Warner Electric in 1953, and held that OaFO-G......4 6 
position until joining Truck Equipment O-470-H....... 4 
Co: in 1956. FSO-526-A...... r 
(Helicopter) 
EDWARD R. HEWITT GSO-526-A..... 6 





Edward R. Hewitt, 91, author and 
one of the pioneers of the automotive 
industry, died on February 19. | 

Hewitt attended Princeton Univer-§ 
sity and the University of Berlin before} 
launching into the automotive field. } 


Early in the century, he designed a} ATi Tel Motors 


one-cylinder automobile, which he 
marketed in England before he founded |} [orpora tion 
Aircraft Vad’ ad 3 Division 


the Hewitt Motor Car Co. in New York. 
Hewitt then designed the motor ivistor 
which was used in the Mack truck. MUSKEGON, MICHIGAN 

Following this, his company’s assets 
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tte ee aad 
FOR EVERY TYPE OF ENGINE 
FOR EVERY TYPE OF OIL! 


ONLY A GENUINE 


her Fine 


PLUS A GENUINE 
LUBER-FINER PACK 


CAN GIVE THE EXCLUSIVE PATENTED FILTERING 
PROCESS THAT HAS MADE LUBER-FINER THE 


Standard Of The Industry Since 1936 


Models 
750-2C 
750-3C 


MODELS 78, 135-S, 200-S, featuring 
single-bolt lid, screw-in type pack, 
and overall compact design for use 
where space is limited. These Models 
provide the ultimate in filtration for 
passenger cars, small trucks and trac- 
tors, and other similar engines up to 
5-quart, 6-quart, and 7-quart crank- 
case capacities 


MODELS 272-C and 363-C, featuring 
the Luber-finer single-bolt lid clamp, 
O-Ring lid gasket, screw-in type pack, 
and rugged construction throughout. 
Designed for heavy-duty service on 
gas, gasoline or diesel engines up to 
3-gallon and 4-gallon crankcase ca- 
pacities. 


MODELS 500-C and 750-C, featuring 
the Luber-finer single-bolt lid clamp 
O-Ring lid gasket, large-capacity 
packs, and extra rugged construction 
to withstand the most severe service. 
Designed for use on gas, gasoline or 
diesel engines up to 5-gallon and 8- 
gallon crankcase capacities. Also 


widely used on fuel lines, hydraulic 
oil systems, and many other indus- 
trial applications. 


MODELS 750-2C & 750-3C, featuring 
the Luber-finer single-bolt lid clamp, 
O-Ring lid gasket, and multiple packs 
for extra large capacity. Available 
with either wall or floor mounts for 
industrial use on engines up to 35- 
gallon sump, fuel lines up to 15 GPM, 
hydraulic oil systems up to 450 gals. 
For larger capacities, two or more 
Units can be connected in parallel. 


MODELS F-120 and F-155, for gaso- 
line and diesel fuel lines on mobile, 
stationary, or marine applications. Ex- 
tremely efficient in removing impuri- 
ties and contaminants from fuel. 
Single Units will handle flow rates 
from 0.5 to 1.0 GPM on suction or 
gravity flow. For larger capacities, 
connect two or more Units in parallel, 
or install on pressure-side of fuel 
pump 


GENUINE LUBER-FINER PACKS available in two types... 


DIESELPAK 


Expressly designed 
and recommended for use with all 
detergent-type compounded oils. Has 
the abilily to remove the most finely 
dispersed contaminants without re- 


REFINING PACK — 
For use on straight min- 
eral oil, synthetic oils, 
diesel fuel oil, hydraulic 
fluids, etc. 


moving or affecting the additives. 


* THERE IS A GENUINE LUBER-FINER MODEL FOR 

PASSENGER CARS, TRUCKS, TRACTORS, STATIONARY 

AND MARINE ENGINES, HYDRAULIC OIL SYSTEMS AND 
MANY INDUSTRIAL APPLICATIONS. 


WRITE FOR COMPLETE INFORMATION TO DEPT. 501 
, 


LUBER-FINER, INC. 2514S. Grand Ave., Los Angeles 7, Calif 


were acquired by the International Mo- 
tor Corp. which manufactured Mack 
Trucks, and he served on its board of 
directors. 

In addition to his automotive inter- 
ests, Hewitt, was an avid fisherman and 
authored several books on the subject. 
One of his books, “Days from Seventy- 
five to Ninety,” was published in Jan- 
uary of this year. 

Hewitt also served as treasurer of the 
Cooper Union from 1898 to 1924. 


JOSEPH H. STALEY 


Joseph H. Staley, Columbus, Ind., 
manufacturer and inventor and SAE 
member since 1917, died in November, 
1956. 

Staley, who was in semi-retirement 
for the past 15 years, held some 40 
patents on automotive and electrical 
inventions. 

He started in industry as factory 
superintendent with Martindale and 
Millikan Co. in Franklin, Ind., in 1914. 
The following year he purchased the 
firm and organized the Continental 
Auto Parts Co., a company which de- 
signed and built special cars and 
trucks. In 1919 he moved the business 
to Columbus and in 1930 the name of 
the firm was changed to Staley ‘Mfg. 
Co. 

In 1937 Staley organized the Electric 
Switch Corp. to manufacture mercury 
Switches and sequence controls. He 
remained president of this firm even 
during his semi-retirement. 


WILLIAM NITTEL 


William Nittel, assistant chief engi- 
neer of the Foreign Licensee Division 
of Purolator Products, Inc., Rahway, 
N. J., died Dec. 13, 1956. 

Nittel had been affiliated with the 
Purolator firm for six years. Prior to 
joining the company, he was an engi- 
neer with the Billiton Co. of Holland. 

He formerly was superintendent and 
general manager of a Billiton alumi- 
num rolling mill in Java, superintend- 
ent of a tinning process mill in Texas 
City, Tex., and former assistant to the 
chief mining equipment engineer at 
Billiton’s New York City outlet. 

Nittel was born in Djakarta, Indone- 
sia, and studied mechanical, electrical, 
and chemical engineering at the Chris- 
tel Lyceum, Hilversum, Holland. He 
attended the Middelbaar Techniscat at 
Amsterdam and furthered his engi- 
neering education at schools in Ger- 
many and Switzerland. 


DUNCAN P. FORBES 


Duncan P. Forbes, chairman of the 
board, Gunite Foundries Corp., Rock- 
ford, Ill., and SAE member since 1928, 
died in February. 

Forbes was born in 1896, attended 
the Hill School, Pottstown, Pa., and 
was graduated from Yale University 
in 1919. From 1920 until 1928 he was 
works manager and subsequently vice- 
president of Rockford Malleable Iron 
Works Corp. This later became the 
Gunite Foundries Corp. of which 
Forbes was president from 1930 to 
1955 when he became chairman of the 
board. continued on page 131 
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REYNOLDS G23 ALUMINUM 





ALUMINUM WHEEL COVERS can be fabricated 


and finished for 25¢ per cover less than a con- 
ventional finished steel cover. That’s a sav- 
ing of $1.00 per car. A saving for the indus- 
try of seven million dollars every year, based 
on estimated average automobile sales, 1957- 
1961, as reported in Fortune, November, 1956. 


Aluminum wheel covers offer “‘bonuses’’, 
too. They are strong, lightweight, rustproof. 
And they can be color anodized with the 
‘gleam of gold” or clear anodized with the 
“look of sterling’. Either way you get gleam- 
ing chip-proof, flake-proof finishes that cost- 
wise or beauty-wise can not be duplicated 
in other metals. 

Wheel covers are only one application 
where the automotive industry can cut 
costs, reduce weight, increase beauty by 
using aluminum. Grilles, instrument panels, 
emblems—all types of decorative trim inside 
and out—as well as countless motor parts, 
are proved applications for this modern 
metal. And for lighter, brighter tomorrows, 
aluminum bumpers, roof panels, rear decks 


and hoods are already stimulating the imagi- 
nation of the forward looking automotive 
industry. 

For aluminum mill products or for fab- 


ricated aluminum parts and trim, Reynolds 
Aluminum Specialists will be glad to work 
with you to help you get the very most from 
the aluminum you use. For details, call the 
Reynolds Office listed under ‘‘Aluminum”’ 
in your classified telephone directory. Or 
write Reynolds Metals Company, Fisher 
Building, Detroit 2, Michigan or P.O. Box 
1800-MU, Louisville 1, Kentucky. 


NOTE: Before you buy any part—have it priced in aluminum. Basic material costs 
do not determine part costs. New techniques and processes—applicable only 
to aluminum—can give you a better product at a lower final cost. 


See ‘CIRCUS BOY"’, Reynolds dramatic series, Sundays on NBC-TV 


Reynolds Aluminum 


The Finest Products 
Made with Aluminum 


are made with 


REYNOLDS G22 ALUMINUM 
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CHANNING E. HARWOOD 


Channing E. Harwood, member of 
SAE since 1934, died Dec. 29, 1956. 

Harwood was born in 1894 and grad- 
uated from Dartmouth College in 1915. 
He joined the Russell Mfg. Co., Mid- 
dlietown, Conn., where he worked as 
salesman, assistant overseer, assistant 
to the general manager, and research 
manager from 1933 until 1936. He was 
then named sales manager, director, 
resident, and subsequently manager, 
in 1943, of the Aero and Automotive 
Division, Russell Mfg. Co. 

In 1946 Harwood became an SAE 
member with reserve member status. 


FRANK T. ARMSTRONG 


Frank T. Armstrong, Detroit auto- 
motive regional engineer for the Wag- 
ner Electric Corp. until his retirement 
in July 1956, died on Jan. 15. 

He had been with the company for 
35 years. 

Armstrong was graduated from Ar- 
mour Institute and was connected with 
the Remy Electric Co. until joining 
Wagner Electric in 1918. 

He had been a member of SAE since 
1919 and also was a member of the En- 
gineering Society of Detroit. 


RAY L. HOWARD 


Ray L. Howard, veteran of the auto- 
motive and aviation industries and 
since 1950 a sales engineer for Dana 
Corp., died on Jan. 29. 

Prior to becoming a clutch specialist 
in the automotive industry, he had an 
interesting career in aviation. He 
barnstormed with Capt. Edward Rick- 
enbacker, immediately after World 
War I, and also served as a test pilot 
for Fokker Aircraft Co. 

He also accompanied Sir Hubert Wil- 
kins on the latter’s attempt to fly over 
the North Pole in 1926. 

While active in aviation, Howard be- 
came interested in automobile racing 
and drove in the Indianapolis Speed- 
way classic in 1919, 1920, and 1921. 

Howard became widely known in the 
automotive industry through his work 
with clutch units and friction mate- 
rials, first with Cleveland Graphite 
Bronze Co., then with the Auburn 
Clutch Co., of Auburn, Ind., which was 
purchased by Dana Corp. in 1947. 

























OSCAR L. MAAG 


Oscar L. Maag, consulting engineer 
with Timken Roller Bearing Co. and a 
member of the SAE Fuels and Lubri- 
cants Technical Committee, died on 
Aug. 22, 1956. 

Maag received both B. S. and M. S. 
degrees from the University of Kansas 
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and in 1916 he joined Kansas City 
Testing Laboratory as chief chemist, 
commercial testing. The following 
year he was with the U. S. Bureau of 
Standards at the Pittsburgh Arsenal. 

In 1923 he joined Galena Signal Oil 
Co. as assistant chief chemist, and in 
1938 he moved to Timken. 


RANDOLPH B. BURBANK 


Randolph B. Burbank, assistant en- 
gineer, Marquardt Aircraft Co., Van 
Nuys, Calif., died recently. 

Burbank was born in 1927 in Los 
Angeles and was graduated from West 
Coast University in 1954 with a BS. 
in mechanical engineering. 

In 1947 he worked on Aviation main- 
tenance at Van Nuys as a mechanic 
and subsequently became an assembler, 
first with North American Corp., Ingle- 
wood, Calif., and later, 1948 to 1951, 
with Lockheed Aircraft Co. In 1954 
he joined Marquardt as an engineer 
aide and later was made assistant en- 
gineer. 


ELMER LATSHAW 


Elmer Latshaw, mechanical engi- 
neer, Department of Navy, Naval Air 
Material Center, Philadelphia, died 
January 18. 

Latshaw was born in 1894 and 
started working in 1919 as draftsman, 


Control operations...count parts 


NOW — with 
seals tight against 
moisture, oil, metal 
chips, paint. Discour- 
ages tampering. 


4905-RAC Control Unit 
& 4910-AN Pickup 





J. G. Brill Co., Philadelphia. He was 
made, in 1926, railway truck engineer, 
and later technical engineer in 1940 
for ACF-Brill Motors Co. where he 
served until 1955. At this time he be- 
came mechanical engineer for the 
Navy Department. 

Latshaw became a member of SAE 
in 1946. 


A. LAMONT FARNSWORTH 


A. Lamont Farnsworth, field super- 
visor, Transportation Division, Quality 
Bakers of America, died Dec. 22 in 
Danville, Il. 

Farnsworth was born in 1901 and 
started working in Danville as a me- 
chanic and helper, later becoming head 
mechanic for the Ford Sales and Serv- 
ice dealer in Belleville, N. J. 

From 1927 to 1931 Farnsworth was 
a salesman and service man for Atmo 
Fire Protection. He later joined Kings 
County Buick, Brooklyn, N. Y., where 
he served from 1931 to 1943 as fore- 
man; new car service manager; and 
machine shop foreman. 

He then joined Air Reduction Sales 
Co., N. Y., as assistant motor truck 
supervisor and in 1947 became service 
foreman and subsequently service man- 
ager at Joehn Motors, Danville. 

In 1952 Farnsworth joined Quality 
Bakers of America as field represent- 
ative in the Transportation Division. 























with new Metal* Proximity Detector 


Pickups available in standard and 
hollow coil models. Hollow coil 
models are designed so metal ob- 
jects may pass or drop through the 


* Steel, aluminum, brass or copper 


sensing pickup without contact. 
Control unit has pilot relay to 

operate electric counters... motor 

controls...solenoids. 


Typical Applications 


System shown above $111.00 List. 
Prices start at $86.00 List. 


Quantity pricings 
available for O.E.M. 





® Control automatic parts feeders 

®@ Counting screw machine parts 

® Limit switches @ Counting cans, etc. 

Eng. Bulletin No. 1001 describes a variety of sensing 
pickups and control units available. Write today. 


ELECTRO PRODUCTS LABORATORIES 


4501-AE North Ravenswood, Chicago 40, Ill. 
Canada: Atlas Radio Ltd., Toronto 
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SAE PAPERS 


(continued) 


ll p. Description of seal test rig de- 
vised to provide fast rough screening 
test for materials that might be used 
for rubbing seals in aircraft gas tur- 
bine, to permit use of easily procured 
test pieces, and to determine dry load 
carrying capacity of pairs of mate- 
rials, approximate wear rates, tem- 
perature limitations, and most com- 
patible mating surfaces, etc; prepara- 
tion of test pieces, procedure and re- 
sults; materials used. 


Concept, Design, and Manufacture 
of Supersonic Aircraft, F. W. DAVIS. 
Presented Jan., 1957, 9 p. Problems 
arising out of technological race be- 
tween United States and Russia in air- 
craft production; Russians progress 
from idea to product faster; possibili- 
ties for improving American methods 
by simplification of product, its re- 
quirements or management task; faci- 
litation of design by use of IBM com- 
puters; example of methods used in 
Convair’s B-58 production program. 


Flight Testing and Flying Tech- 
niques of High Altitude Supersonic 
Aircraft, A. W. LeVIER. Presented 
Jan., 1957, 11 p. Account of some of 
test pilot’s experiences in flying over 
110 different types of aircraft includ- 
ing Lockheed fighter P-38, Lockheed 
jet fighter XF-80A and F-104A Star- 
fighter; implications for improved de- 
sign of jet aircraft flying under ex- 
tremes of temperature, altitude, and 
speed. 


DRAFTING PRACTICE 


Development and Use of Graphic 
Illustrations in Product Engineering, 
F. JANTZ. Presented Jan., 1957, 11 p. 
Graphic illustration is perspective 
drawing in any given scale based on 
technical information emanating from 
idea, orthographic engineering draw- 
ing or completed product; its usage 
and demand in automotive field and 
other applications; how graphic illus- 
trations are made. 


FUELS & LUBRICANTS 


Some Fuel Characteristics Which 
Affect Diesel-Engine Economy, J. M. 
SILLS, W. A. HOWE. Presented Jan., 
1957, 43 p. Results of cooperative in- 
vestigation by Greyhound Corp. and 
Gulf Oil Corp. to determine quality 
characteristics of diesel fuels and 
maintenance factors of engine in effort 
to minimize exhaust smoke; equip- 
ment, fuels, and procedure used in 
economy tests; results; charts, and 
data. 


169,000,000 Bus Miles in Chicago 
with LPG, S. D. FORSYTHE. Pre. 
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sented Jan., 1957, 6 p. Six years’ ex- 
perience of Chicago Transit Authority 
with fleet operation of 1050 LPG- 
fueled at six dispensing plants within 
city limits; total capacity of LPG stor- 
age amounts to 225,000 gal, contained 
in 18,000-gal water tanks; safety rec- 
ord showed no property damage or 
personal injury; cardinal rules for suc- 
cessful LPG operation and list of 19 
items comparing LPG with other 
standard fuels; advantages. 


Heavy Fuels for Railroad Diesels, 
W. F. COLLINS, K. D. RELYEA, B. 
W. GEDDES, N. H. RICKLES. Pre- 
sented Jan., 1957, 32 p. New York 
Central System in cooperation with 
Esso Research & Engineering Co. con- 
ducted stationary locomotive tests 
which indicated that residual distillate 
type fuel of 300 SSU viscosity at 100 
F gives satisfactory operation in EMD 
F-7 freight locomotive equipped with 
567 B-16 engine when used in con- 
junction with dual fuel system; test 
program; fuel inspection data; charts. 


Are Light Residual Oils Economy 
Locomotive Diesel Fuels? P. V. GARIN, 
J. L. BROUGHTEN. Presented Jan., 
1957, 17 p. Economic study of per- 
formance of dual fuel locomotive fleet 
compared with similar number of en- 
gines operating on distillate fuel; dual 
fuel system utilizing light residual fuel 
of about 300-400 SSU at 100 F viscosity 
gave most satisfactory results with 
minimum expenditure for’ special 
equipment; all of data are based on 
this type; equations permit calcula- 
tion of savings over any period of time 
with any number of locomotive units. 


Trends in Residual Fuels, R. W. Van 
SANT, Jr., A. S. ORR. Presented Jan., 
1957, 20 p. Changes during last 15 
yr and effect on present day residual 
fuel availability and properties; data 
on supply and end use of residual 
fuels; effect of crude oil properties, 
and refinery processes on production 
and properties; tables give ASTM re- 
sidual fuel oil specifications, properties 
of No. 4, 5, and 6 fuel oils. 


Laboratory Full-Scale Engine Test- 
ing of Railway Type Fuels, J. D. CAR- 
MICHAEL, J. V. KALB, P. KALIL. 
Presented Jan., 1957, 11 p. Tests at 
Texas Co. of average type of residual 
distillate blended fuel in full-scale 
railway diesel locomotive engine; twv 
engines tested were 6-cyl 2-cycle en- 
gine and 12-cyl 4- cycle engine de- 
veloping 1700 hp; it is concluded that 
No. 5 fuel oil blends can be used with 
advantages and penalties enumerated. 


Bi-Fuel Approach to Burning Resid- 
ual Fuels in Diesel Engines, W. C. AR- 
NOLD, R. H. BEADLE, R. L. LOGELIN, 
H. D. YOUNG. Presented Jan., 1957, 
28 p. Work by Sinclair Research Lab- 
oratories and Fairbanks, Morse & Co. 
on Bi-Fuel Combustion Process em- 
bodying 2-fuel combustion system 
whereby small percentage of auxiliary 
fuel is introduced into engine cylinder 
either during intake or early in com- 
pression stroke of cycle, prior to nor- 


=aeroquip 


Engineering Notes 


The advertisement at 
the right says you can 
save money if you buy 
Aeroquip Hose Lines. 
Let’s see how right this 
statement is. 


Consider the produc- 

tion line along which an 
aircraft engine or airframe is assembled. 
Your purchasing department will buy any- 
where from three to six months’ supply of 
hose lines to feed the production line. In this 
day and age of rapid change, it is pretty 
much a foregone conclusion that some engi- 
neering revision or modification will be re- 
quired on the engine or airframe. 


B. A. MAIN, JR. 


Where these changes affect the hose lines, if 
you purchased Aeroquip Hose Lines originally, 
the detachable, reusable hose fittings always 
used by Aeroquip make it possible to 
rework the hose lines. Should the hose lines 
need to be shortened, it is simple to remove 
one of the hose fittings, cut the hose to the 
proper length and re-assemble. If the hose 
line needs to be longer, a new piece of hose 
can be installed easily, using the same fittings 
over again. This can be done in your plant 
by your own people, or if our costs are lower 
—as they might be if the quantity of lines to 
be reworked is large—you can have them 
reworked by us. 


The advertisement shows the proportion of 
cost of an elbow-type hose fitting to the cost 
of the hose assembly. This proportion varies 
with the complexity required in the hose fitting. 
A fitting composed of complicated bends of 
rigid tubing, with perhaps one or two bosses 
welded into it, like the one illustrated below, 
may run several times the cost of the hose 
itself. In any case, simple or complicated, the 
cost of the fittings will usually exceed the 
cost of the hose. 


If you purchase hose lines with permanently 
attached hose fittings, no rework is possible 
and you must pay at least double for the 
privilege of making an engineering change. 
If you purchase Aeroquip Teflon Hose Lines 
you can, as the ad says, save money—often 
more than half of what new hose lines would 
cost you. And, you can buy the Aeroquip 
Hose Line with its Detachable, Reusable 
‘super gem’* Hose Fittings at prices com- 
petitive with the price you pay for Teflon 
hose lines with permanently affixed hose 


VICE PRESIDENT, ENGINEERING 
AEROQUIP CORPORATION 
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Aeroquip Teflon’ Hose Lines Cost Less 


BECAUSE “super gem’° FITTINGS ARE REUSABLE 


The true cost of a hose line cannot be determined by 
the purchase price alone. Teflon hose lines with perma- 
nent-type, swaged-on fittings are priced competitively 
with Aeroquip Teflon Hose Lines, but Aeroquip “super 
gem” Fittings are reusable and can be salvaged. And 
the fittings are the most expensive part of any hose line! 


During production, engineering changes frequently 
call for alterations of fluid-carrying lines. Because it had 
purchased hose lines with permanently attached fittings, 


one aircraft company was forced to scrap more than 
$100,000 worth of Teflon hose lines due to a single 
engineering change. With Aeroquip Teflon Hose Lines, the 
“super gem” Fittings could have been salvaged and 
reused with savings of thousands of dollars. 


Not only do “super gem Fittings give Aeroquip 
Teflon Hose Lines cost-cutting advantages, they assure the 
ONLY leakproof, ageless assembly of fitting and Teflon 
hose. Want more information? Mail the coupon below. 


Aeroquip Corporation, 
Jackson, Michigan 
Gentlemen: 


Please send me your Bulletin 
AEB-13 on reusable 
“super gem” Fittings 
and 666 Tefion Hose. 


Name 


Aeroquip 666 Tefion Hose and “super 
gem” Fittings can be assembled by hand 
in a few minutes. No expensive swaging 
machine is necessary. A wrench and a vise do 
o perfect job. 


“guper gem” is an Aeroquip Trademark. 


Cutaway of “super gem” Fitting with 
metal-to-metal line seal pointed out at left 
and lip seal at right. Together, these features 
assure permanent protection against leakage. 


*DuPont trade name for its Tetrafiuvoroethylene resin, 


Title 





Company 





Address__ 
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AEROQUIP CORPORATION, 
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JACKSON, 


AEROQUIP CORPORATION, WESTERN DIVISION, BURBANK, CALIFORNIA 
AEROQUIP (CANADA) LTD., TORONTO 10, ONTARIO 


MICHIGAN 





Kuow 


that you have 
the Right 

Hose Assembly 
always — 


Specify 
ANCHOR! 


Whether it is for high, medium or 
low pressure, there’s an Anchor Hose 
Assembly that’s been designed for 
the particular type of job you have 
in mind! Anchor Couplings are en- 
gineered for long, dependable serv- 
ice without danger of leaks or blow- 
offs and with a substantial margin 
of safety over specified operating 
pressure ranges. 


The catalogs listed below offer you a 
wealth of engineering data and the com- 
plete construction details of Anchor Hose 
Assemblies, Couplings and Fittings. Send 
for them! 

Catalog No. 100 Anchor Pressed-On 
Hose Assemblies 

Catalog No. 202 Anchor Adapter Unions 
Pipe Fittings and the new SAE Boss Type 
Fittings see SAE standards, 1957 SAE 
Handbook 

Catalog No. 301 — Anchor Clamp Type and 
Reusable Hose Couplings 

Catalog No. 401 Anchor Fianco 4 Bolt 
Split-Flange Couplings conforming to 
SAE standards, 1957 SAE Handbook 


a Ul 


364 NORTH FOURTH STREET, LIBERTYVILLE, ILL. 
Branch Offices: Dallas, Tex.; Plymouth, Mich. 
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mal injection of primary diesel fuel; 
types of engines and fuels used; effect 
on combustion; performance, and lab- 
oratory tests; diagrams. 


Microscopy in Examination of Diesel 
Fuels, F. G. ROWE, H. F. NICOLAY- 
SEN. Presented Jan., 1957, 7 p. Pos- 
sibilities for facilitating study of diesel 
fuel quality by use of phase and polar- 
ized light microscopy to supplement 
electron micrographs; applicability of 
techniques where more data are desir- 
able for correlating morphology and 
concentration of solid particles with 
storage stability and engine perform- 
ance; photomicrographs. 


GROUND VEHICLES 


Propulsion Dynamics of Motor Ve- 
hicles, E. F. FARRELL. Presented 
Jan., 1957, 11 p. Wide-open-throttle 
performance of motor vehicle can be 
calculated with reasonable accuracy, 
provided certain basic data are avail- 
able; free engine acceleration curve is 
also required, purpose of which is to 
compensate for lags in carburetion, 
ignition, etc; method for evaluating 
these lags and calculating procedure 
given; sample calculations on small 
automobile with automatic transmis- 
sion and torque converter. 


Planning New Automobile, J. E. 
JUDGE. Presented Jan., 1957, 24 p. 
Market determines need for and type 
of product; 2-year market study and 
its growth aspect caused Edsel Div., 
Ford Motor Co. to develop new Edsel 
car line in medium-price field; Ford’s 
Merchandising and Product Planning 
for coordinating development of new 
product. 


Efficient Operation of Gasoline- 
Powered Motor Vehicles, A. A. KEEFER. 
Presented Jan., 1957, 4 p. Study was 
made on 1000 vehicles to determine 
cause of mileage decrease in fleet op- 
eration of 4000 vehicles at Bell System; 
study covered gasoline mileage and 
combustion analysis, evaluation of me- 
chanical adjustments, etc; as result 
of tests, driver training program and 
training program and training course 
was formulated establishing nine driv- 
ing rules; gasoline mileage increased 
to 11.4 mpg at end of 1955. 


Proper Selection of Refrigeration and 
Heating Equipment for Protective 
Transportation Bodies, H. G. STRONG. 
Presented Jan., 1957, 12 p. Material 
is offered regarding owning, operat- 
ing, and lost revenue cost comparison 
procedure that operator can follow as 
guide; method assists in determining 
what combination of insulated vehicle, 
method of refrigeration and refrigera- 
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“ENGINEERED QUOTATIONS” 


When our engineers study our customers’ prints, quotations” are accepted. Such careful scrutiny of 
they look for ways to improve gear performance, every engineering and manufacturing step by gear 
ways to simplify gear installations, ways to cut specialists is one reason why so many manufactur- 
gear costs. When they find a way that they ers use Automotive Gear Division as their “gear 
consider better they report it to the customer for department”. May we submit an “engineered 





his consideration. Very often these “engineered quotation” on your gear requirements? 
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AUTOMOTIVE GEAR DIVISION 
ee. MANUFACTURING COMPANY 
RICHMOND, INDIANA 


Sus 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS <a> 
GEAR-MAKERS TO LEADING MANUFACTURERS 








E 
8. 


SAE JOURNAL, MAY, 1957 135 








campbell, 


© wyant and 


Cannon 


FOUNDRY COMPANY 
DIVISION OF TEXTRON INC. 
Muskegon, Michigan 


SIX FOUNDRIES LOCATED IN MUSKEGON, LANSING 


PRODUCT PERFORMANG 


castings 


help improve... 





Throughout industry many progressive firms have discovered 
that the use of high-quality cast components manufactured 
by Campbell, Wyant and Cannon contribute immediate as 
well as long range benefits. For CWC designs and produces 
grey iron, iron alloy and steel castings of absolute uniformity, 
the important ingredient required to make good products bet- 
ter and to keep overall production costs low. Here, at one of 
the nation's largest contract foundries, advanced research and 
new product development programs provide the means for 
greater design flexibility and quality control. Castings that 
machine easier, wear longer, add to product durability and 
dependability are the result. If product upgrading at less cost 
is your goal, discover now how CWC cast components mean 
fewer in-plant rejects . . . with time and cost consuming inspec- 
tion and re-working periods reduced to absolute minimums. 


Write for the complete CWC sfory ... the informative “One 
Source” booklet that tells why the six-plant, fully mechanized facil- 


ities of Campbell, Wyant and Cannon can help improve your 


product and reduce your production costs. Send for it now! 


AND SOUTH HAVEN, MICHIGAN READY TO SERVE YOU! 
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tion equipment would best serve in 
meeting particular needs. 


Quality Car Structure—Evaluation 
and Development of Stiffness Factors. 
G. J. ENGELHARD. Presented Jan., 
1957, 10 p. Evaluation and develop- 
ment of stiffness, by means of labora- 
tory and road testing at Chevrolet 
Motor Div. of GM, has proved vital to 
reduction of shake and vibration and 
to development of quality car struc- 
ture; types of tests outlined. 


Refrigerated Van Bodies for Frozen 
Food Transpert, J. D. JOHNSON. Pre- 
sented Jan., 1957, 6 p. Features of 
over-the-road evaluation tests to es- 
tablish temperature requirements for 
frozen food transportation in refrig- 
erated van bodies; lack of uniformity 
in test results suggests need for fur- 
ther research; program to develop 
standard method and apparatus for 
determining heat gain ratings and air 
infiltration of refrigerated trailers has 
been referred to American trucking 
associations. 


General Motors Fuel Injection Sys- 
tem. Presented Jan., 1957, 24 p. Paper 
consists of three parts: Basic Develop- 
ment, J. DOLZA; Production Develop- 
ment, E. A. KEHOE, D. STOLTMAN; 
Application Development, Z. ARKUS- 
DUNTOV. 


Electrojector—Bendix Electronic Fuel 
Injection System, A. H. WINKLER, 
R. W. SUTTON. Presented Jan., 
1957, 9 p. System, devised by Bendix 
Aviation Corp, as novel approach to 
fuel injection problem for passenger- 
car installation, utilizes electronic con- 
trol to modulate operation of solenoid 
injection valves; it has timed intake 
port injection and low pressure, 20-psi 
common rail fuel system employing 
controls that are responsive to intake 
manifold pressure, engine speed, air 
pressure, and temperature. 


Field Requirements of Oil Seals, A. 
O. BEER. Presented Jan., 1957, 7 p. 
Summary of field experience with Le- 
Tourneau- Westinghouse Model Cc 
Tournapull oil seal, applied on clutch 
housing of 7C transmission in 20-ton 
machine with tournamatic drive, lo- 
cated in transmission coverplate and 
retaining EP gear oil in case; devel- 
opment of high temperature Hycar 
compound for dry running character- 
istics was found to be satisfactory in 
laboratory and field service for pri- 
mary and auxiliary lip of seal. 


Laboratory and Field Development 
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of Oil Seals as Applied to Crawler 
Tractors, J. L. HILDENBRAND. Pre- 
sented Jan., 1957, 11 p. Research and 
development program for improvement 
of bearing seals of track rollers of 
crawler tractors; study carried out 
over 5 years at International Har- 
vester Co.; factors in design of test 
fixture to evaluate seal characteristics; 
three stages of laboratory tests and 
field tests. 


Resilient Face Seals for Tractor 
Final Drives, F. S. ENGELKING, M. C. 
KEYS. Presented Jan., 1957, 9 p. 


— sk... £T 


Smooth...True...Stable 


How Caterpillar Tractor Co. developed 
improved tractor final drive seals, lo- 
cated on each side of sprocket to keep 
oil in and mud out of gears, bearings, 
etc; function of each part of sealing 
system is analyzed and performance of 
entire seal evaluated as unit; all of 
data given such as oil leakage, tem- 
peratures, load, waviness, torque, and 
misalignment are data obtained in lab- 
oratory test machine. 


Oil Seal Applications in Farm Trac- 
tors, R. CANDEE. Presented Jan., 
1957, 7 p. John Deere Waterloo Trac- 








PIONEER 021-7 


Cast Rites Tooling Plate 


Flatness and a precision-machined surface finish (32 micro”) pore 

. plus 100% stability and fine grain molecular structure <= 
throughout. .. adapt Pioneer 921-T Tooling Plate to any pre Cove ae, 
cision tooling job without preliminary milling and consequent ec > 
waste of time and material. Every Pioneer 921-T plate, 34,” or ; — 
thicker, is held to a flatness tolerance of *.005” in all dire 
tions. This feature makes Pioneer 921-T the ideal tooling 
material where precision, time saving and low cost are im 
portant in jig and fixture fabrication. Ask your Pioneer 921-1 
distributor for a copy of this brochure, showing new and un- 


usual applications. 





Pioneer 921-T is available through these suppliers: 


ALBUQUERQUE, N.M.: Morris Stee! & Supply Co. 
ATLANTA, GA.: Southern States Iron Roofing Co 
BOSTON, MASS.: American Stee! & Aluminum Corp 

Joseph T. Ryerson & Son, Inc. 
BIRMINGHAM, ALA.: Southern States Iron Roofing Co. 
CHICAGO, ILL.: Joseph T. Ryerson & Son, Inc. 
CLEVELAND, O.: Kasle Stee! Corporation 
DALLAS, TEX : Vinson Stee! & Aluminum Co. 
DEARBORN, MICH.: Pioneer Aluminum Inc 
DENVER, COLO.: ABC Metals Corporation 
DETROIT, MICH.: Kasle Stee! Corporation 

Meier Brass & Aluminum Co 
GRAND RAPIDS, MICH.: Kasle Stee! Corporation 


HARTFORD, CONN.: American Stee! & Aluminum Corp. 


HILLSIDE, N.J.: Edgcomb Stee! & Aluminum Corp. 
HOUSTON, TEX.: Vinson Stee! & Aluminum Co 
JERSEY CITY, N.J.: Joseph T. Ryerson & Son, Inc. 
KANSAS CITY, MO.: Industrial Metals, Inc. 

LOS ANGELES, CALIF.: Braico Metals, Inc. 
LOUISVILLE, KY.: Southern States tron Roofing Co 
MEMPHIS, TENN.: Southern States Iron Roofing Co 
MIAMI, FLA.: Southern States Iron Roofing Co. 
MILWAUKEE, WIS.: Joseph T. Ryerson & Son, Inc. 
NASHVILLE, TENN.: Southern States Iron Roofing Co 





PACIFIC COAST UNIT 


PIONEER acuminuM, INC. 


Subsidiary of MORRIS P. KIRK & SON, INC. 


F NATIONAL 


5251 West Imperial Highway + ORegon 8-7621 + Los Angeles 45, California. 


OAKLAND, CALIF.: Earle M. Jorgenson Co 

RALEIGH, N.C.: Southern States Iron Roofing Co 
RICHMOND, VA.: Southern States Iron Roofing Co 

ST. LOUIS, MO.: Industrial Metals, Inc. 

SOUTH BEND, IND.: Kasle Stee! Corporation 

UNION, N.J.: Mapes & Sprow! Steel Co. 
WALLINGFORD, CONN.: Joseph T. Ryerson & Son, Inc 
WICHITA, KAN.: Industrial Metals, Inc. 


SALES REPRESENTATIVES 

Morris P. Kirk & Son, Inc. 

4050 Horton St., Emeryville 8, Calif 
Also: Fresno, Calif.; Phoenix, Ariz. 

The Norwest Company 

330 Second Ave. West, Seattle 99, Wash 


EASTERN SALES OFFICE: 

Pioneer Aluminum Inc. 

Richard G. Evans, Mgr 

23439 Michigon Ave., Dearborn, Mich. 


SOUTHWEST REGIONAL SALES MANAGER 
Howard L. Hutchinson, P.O. Box 702, Dallas. Tex 
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fatigue-proof. 


STEEL BARS 


/ 


~ / 
~ 
~ 


MADE BY 


Elevated Tephperature Drawing 
; ~ 


HAVE A UNIQUE COMBINATION OF 


uniform properties 


HIGH STRENGTH, MACHINABILITY, 
RESISTANCE TO WEAR AND FATIGUE, 
DIMENSIONAL STABILITY 


The microscope shows the uniformity of FATIGUE-PROOF. 
Its uniformly pearlitic structure parallels its uniformity of prop- 
erties from the surface to the center of the bar. 


FATIGUE-PROOF strength and hardness are developed by 
“e.t.d.” (Elevated Temperature Drawing). Unlike quenching 
and tempering, its effect is the same from surface to the center 
of the bar. It works a large bar as uniformly as it does a small bar. 


There is no mass effect. 
The microscope proves it. Surface, center, or mid-radius, 
FATIGUE-PROOF is pearlitic. There are no mixtures of bainite, 


martensite, and pearlite. FATIGUE-PROOF is uniform bar to 
bar, size to size, and lot to lot. 


wm" ' ification: 
JUST PUBLISHED — Request your copy of 24-page brochure, "A new 196° round FATIGUE-PROOF. Magnifi ¢ 750K 


material” . . . it tells the complete story of FATIGUE-PROOF. 


PI ncrecenstenyancengnennerenssinieinipecarentaenesinastipnndtitacianeteentininmthaatiniiiialiieat nda! 
ere ere renee eer ae La Salle STEEL CO. 


Address 
1458 150th Street > Hammond, Indiana 


Manufacturers of America’s Most Complete Line 
of Quality Cold-Finished Steels Bars 


eS 


Mail to La Salle Steel Co., 1458 150th St., Hammond, Ind. 
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tor Works’ Procedure in approaching 
oil seal application by establishing 
general design proportions and operat- 
ing conditions and securing recom- 
mendations of manufacture of oil 
seals; seal applications on right hand 
crankshaft bearing discussed; exper- 
ience with three basic types on front 
wheels, namely: packing, lip, and face 
type seals; power steering hydraulic 
pump and operating conditions; selec- 
tion of seal and assembly practices. 


Size, Structure, and Export Perform- 
ance of Western European Automobile 
Industry, L. POMEROY. Presented 
Jan., 1957, 38 p. Size and location 
of Western Europe automobile indus- 
try and influence of numbers on pro- 
duction costs; position of motor manu- 
facturing components of four principal 
nations (Great Britain, Germany, 
France, and Italy); statistics on out- 
put, exports, employees, etc; tables. 


Cadillac Frame—New Design Con- 
cept for Lower Cars, pt 1: S. L. MILLI- 
KEN, pt 2: J. R. PARKER. Presented 
Jan., 1957, 25 p. Pt 1: Development of 
“tubular center-X” frame design and 
styling features of Eldorado Brougham 
1957 car at Cadillac Motor Car Div. of 
GM. Pt 2: A. O. Smith Corp.’s devel- 
opment of basic idea and experimental 
phases and testing leading up to pro- 
duction designs. 


Chrysler Torque-Flite Transmission, 
S. D. JEFFE, B. W. CARTWRIGHT. 
Presented Jan., 1957, 11 p. Transmis- 
sion, presently used in Plymouth, 
Dodge, DeSoto, Chrysler, and Imperial 
models, consists of 3-element torque 
converter coupled to automatic 3-speed 
planetary gear box providing neutral 
and three forward driving ranges and 
reverse; push button control system; 
three types of torque converters; power 
flow; hydraulic controls; chart shows 
control system in drive (breakaway) 
half throttle; design details. 


Chevrolet Turboglide Transmission, 
F. J. WINCHELL, W. D. ROUTE, O. K. 
KELLEY. Presented Jan., 1957, 12 p. 
Turboglide is nonshifting concurrent 
gear multiple turbine torque converter 
transmission with dual stator blade 
control having no low gear and in- 
corporating 5-element torque con- 
verter, pump, three turbines, and dual 
stator; operating principles; coaxial 
arrangement illustrated function by 
function; control system; development 
aspects of grade retarder, converter 
thrust, and overrunning clutch. 
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Turbocharging Series 71 Engine, J. J. 
MAY, V. C. REDDY. Presented Jan., 
1957, 20 p. How Detroit Diesel Engine 
Div. of GM investigated turbocharging 
process of 2-cycle engine, its effect on 
engine life and operating conditions; 
studies made considered compressor 
calibration, minimum air requirements 
of engine, use of variable nozzle be- 
tween engine and turbocharger, method 
of rating engine, fuel governor, etc.; 
it is believed that engine will prove 
economical and reliable for applica- 
tions requiring maximum power with 
minimum of engine size and weight. 


Trends in Valve Gear Design, C. 
VOORHIES, N. FELBINGER, G. R. 
BOUWKAMP. Presented Jan., 1957, 
12 p. Development of diesel engine 
toward higher speeds and power out- 
put has increased requirements of valve 
gear; effect of each of components on 
rest of valve gear design must be taken 
into account; problems involved in ob- 
taining satisfactory valve gear opera- 
tion; consideration of methods and 
equipment such as Stroboscope, Stro- 
borometer, Lashograph, oscilloscope, 
and hydraulic lash adjusters; ad- 
vantages of latter. 


Continental 750-Hp Aircooled Diesel 
Engine, H. H. HAAS, E. R. KLINGE. 
Presented Jan., 1957, 28 p. Design de- 
veloped to reduce fuel consumption of 
gasoline engine powered combat ve- 


hicles by 40%; new light weight power~ 
plant develops rated output at 2400 
rpm; basic features are: 5.75 in. bore 
5.75 in. stroke, 1790 cu in. displace- 
ment. Compression ignition, 4-stroke 
cycle, direct injection system, 90° Vee, 
12-cyl. aircooling, and exhaust turbo- 
charged arrangement; design details; 
performance analysis. 


Design and Development of New 
Hercules Interchangeable Diesel En- 
gine, J. F. MALE. Presented Jan., 1957, 
25 p. Effort to devise basic engine of 
flexible design meeting needs of many 
diverse end-product manufacturers; 
features of gasoline and diesel models 
in 3, 4, and 6-cyl sizes, with bores of 
342, 3% and 4 in.; stroke of all engines 
is 44% in.; range is 25 hp at 1200 rpm 
to 130 hp at 3000 rpm for gasoline en- 
gine and 25 hp at 1200 rpm to 100 hp 
at 2000 rpm for diesels; use in tractors, 
industrial trucks, etc. 


NUCLEAR ENERGY 


The Atom and SAE—Report of Nu- 
clear Advisory Committee, C. R. 
LEWIS. Presented Jan., 1957, 5 p. 
Resume of fields of interest to SAE 
which appear most likely to be affected 
by developments in nuclear energy; 
uses of nuclear energy for production 
of heat and power, for vehicle propul- 
sion, and for chemical processing; new 
materials of interest in this field; com- 


devoted to Research 
GYRO ASSEMBLY AND TEST 


Mechanical and Electrical Engineers, with a personal interest in 
precision mechanisms, where a high degree of accuracy is required, and 
a pride in the precision of the product they help build, we offer truly 


challenging opportunities. 


You will do development work and testing in one of the country's 
most versatile laboratories, working with the top men in the field and the 
finest test, research and development equipment. As a part of our Major, 
Permanent, Expansion Program, new plant facilities are being added in 


suburban Milwaukee. 


AC provides financial assistance toward your Master's Degree. 
Graduate program also available evenings at Univ.Wisconsin, Milwaukee. 
GM's aggressive position in the field of manufacture and GM's policy of 
decentralization creates individual opportunity and recognition for each 


Engineer hired. 


RECENT EE, ME GRADUATE 
INQUIRIES ALSO INVITED 


Milwaukee offers ideal family living in a progressive neighborly com- 
munity in Southern Wisconsin. 


To arrange personal, confidential interview in your locality send full facts 


about yourself to 


Cecil E. Sundeen, Supervisor of Technical Employment 
THE ELECTRONICS DIVISION 


GENERAL MOTORS Corporation 


FLINT 2. 


MICH. 


MILWAUKEE 2, WIS, 
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PMU eh Ame CaN A ter hi 
payload capacity and offer these six 
important operating advantages! 


THE ROTARY AIR COMPRESSOR 


9 or 12 c.f.m. capacity—rotary 
motion reduces vibration, 
makes friction loss low, operat- 
ing efficiency high, assures 
long life with a minimum of 
maintenance. Fast air recovery 
assures an adequate supply 
of air pressure at all times— 
an important safety factor... 
Compactly built. 


THE POWER CLUSTER 


converts 100 p.s.i. of air 
pressure into 1500 p.s.i. of 
unvarying hydraulic pressure 
for greater road safety and 
surer stopping power. Con- 
sists of an air-power cylinder 
assembled direct to a stand- 
ard hydraulic master cylin- 
der. No loss due to linkage 
or friction. 


© Faster application and release of 
Gir pressure 


© More efficient use of compressed air 
© Greater stopping power 

© Reduced friction loss 

© Increased lining and drum life 


© Greater stability with less preventive 
maintenance. 


Wagner Air-Over-Hydraulic systems are designed to 
eliminate bulky, heavy, out-board rigged actuating devices 
and many valves and lines to permit greater pay load 
capacity through vehicle net weight reduction. These 
actuating systems also offer finer performance features for 
safer braking of heavy vehicles equipped with hydraulic 
foundation brakes. 

But get the whole story on Wagner Air-Over-Hydraulic 
Air Brakes for yourself—first in economy, reliability and 
maximum brake safety. Send for Catalog KU-201 that 
describes the performance and safety features you add to the 
trucks you manufacture by equipping them with 

Wagner Air Brakes. 


Wadsner Electric @rporation 


6378 PLYMOUTH AVENUE, ST. LOUIS 14, MO., U.S.A, 


The complete Wagner Air Brake Line includes 
many types and kinds of equipment—all fully 


described in Catalog KU-201. Write for your 
copy today. 


LOCKHEED HYDRAULIC BRAKE PARTS and FLUID * NoRoL * CoMaX BRAKE LINING * AIR BRAKES * AIR HORNS * TACHOGRAPHS © ELECTRIC MOTORS * TRANSFORMERS * INDUSTRIAL BRAKES 
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Ag 
SAE PAPERS 


(continued) ~ 


ponents of nuclear machinery; use of 
radioactive materials produced in nu- 
clear energy machinery as research 
and manufacturing tools. 


Effects of Radiation on Materials, 
M. FERENCE, Jr. Presented Jan., 
1957, 13 p. Nature of changes occur- 
ring in physical and mechanical] prop- 
erties of materials subjected to various 
types of radiation; basic mechanism of 
radiation damage; effects on metals, 
such as steel, aluminum, etc., and non- 
metals; radiation as source of energy 
for chemical reactions; vulcanization 
of rubber; results of some recent ex- 
periments; tables. 


Safety Aspects of Use of Nuclear 
Energy, C. R. RUSSELL. Presented 
Jan., 1957, 9 p. Engineering aspects 
involved in reactor safeguards problem; 
hazards associated with reactor op- 
eration as result of accumulation of 
fission product within fuel; effects of 
radiation; magnitude of hazard; in- 
surance problem; mechanisms of re- 
lease of fission products; hazards con- 
trol; operating experience. 


PRODUCTION 


Forged Steel Crankshafts, H. F. 
WOOD. Presented Jan., 1957, 16 p. 
Quality control begins in open hearth 
or electric furnace where steel for 
forging quality bars and billets is 
made; rolling and forging process; 
tabulation of steels most commonly 
used; metallurgical quality control; 
heat treatment; centering and dy- 
namic balance control, and final in- 
spection; mechanical properties; effect 
of modulus of elasticity and endurance 
limit on crankshaft design; evaluation 
of material. 


Shell Molded Cast Crankshafts, H. N. 
BOGART. Presented Jan., 1957, 13 p. 
Development of process at Ford Motor 
Co., from original cast crankshaft in 
1933, and including 2-step evolution 
from forged to shell molded crank- 
shaft; typical chemical analysis; physi- 
cal properties obtained with nodular 
iron. 


Some Metallurgical Aspects of 
Pontiac V-8 Engine Pearlitic Malleable 
Iron Crankshaft, K. B. VALENTINE. 
Presented Jan., 1957, 12 p. Method 
used to produce crankshaft castings 
for 316-cu in. displacement, 8.9 to 1 
compression ratio engine consists of 
adjusting annealing cycle to control 
degree of graphitization; coupled with 
aircooling and tempering, process re- 
sults in structure of temper carbon in 
matrix of pearlite; engineering and 
metallurgical properties; machining 
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experiences; other properties of pearli- 
tic malleable iron. 


Myths and Fallacies of Automation, 
J. R. BRIGHT. Presented Jan., 1957, 
24 p. Fallacies and phobias of auto- 
mation examined to interpret and 
anticipate some of ultimate effects of 
mechanization in automotive field; ex- 
periences of 13 highly automatic pro- 
duction systems in variety of industries 
studied and trends and results checked 
against experiences of 30 firms; tables. 


Yardstick for Automation, G. H. 
AMBER, P. S. AMBER. Presented 


Jan., 1957, 9 p. Attempt is made to 
define, classify, and evaluate automa- 
tion; 10 orders of automation are es- 
tablished and automaticity scale for 
measuring automation is developed 
based on two factors which are identi- 
fied as energy and information; ex- 
ample of yardstick; how to solve com- 
puter control equations. 


These digests are provided by Engineer- 
ing Index, which abstracts and classifies 
material from SAE and 1200 other tech- 
nical magazines, society transactions, gov- 
ernment bulletins, research reports, and the 
like, throughout the world. 


CLUTCH 


@ Husky—Heavy Duty ® “Strap Drive” 


® Friction-Free 


@ Smooth Engagement 


@ Minimum Maintenance 


Engineered by BORG & BECK 


12h 142i 


toy US Pe Om 


for that vital spot where power takes hold of the load 


BORG & BECK DIVISION 


PRODUCTION 


BORG-WARNER CORPORATION > CHICAGO 38, ILLINOIS 
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AUTOMOBILE ond TRUCK FRAMES ° 


MIDLAND 


WELDING NUTS 
Cut Assembly Time .. . 


Insure Proper Fit of Metal Parts 


Modern designers of metal parts are finding Midland 
Welding Nuts a simple, low-cost means of insuring 
strong, bolted unions at hard-to-get-at places. Once the 
nut is welded into position at the exact location, the bolt 
can be easily turned into it without requiring a holding 
device on the nut. This not only means a saving in 
assembly time, but often results in one man being able 
to do a job previously requiring two. 


If you’re a manufacturer of metal parts, you can en- 
hance your product appeal and at the same time pass 
along substantial savings to your customers if you use 
Midland Welding Nuts. By equipping your product with 
these lock-sure nuts, assembly flows uninterruptedly and 
parts fit accurately. Welding nuts are applied in a mat- 
ter of minutes, last the long life of your product. 


Inquire about this economical convenience today. 


You'll find it pays for itself over and over again. 


The MIDLAND STEEL PRODUCTS COMPANY 


6660 Mt. Elliott Avenue . Detroit 11, Michigan 
Export Department: 38 Pearl St., New York, N. Y. 


AIR ond ELECTRO-PNEUMATIC DOOR CONTROLS 


AIR and VACUUM POWER BRAKES 


New Members Qualified 


These applicants qualified for ad- 
mission to the Society between March 
10, 1957 and April 10, 1957. Grades 
of membership are: (M) Member; (A) 
Associate; (J) Junior. 


Alberta Group 
Robert Orville Lockwood (M) 


Atlanta Section 


Charles L. Adams, Jr. (M), Robert P. 
Sudderth (J). 


Baltimore Section 


Robert C. Butscher (J), Joseph J. 
Kaufman (J), Charles F. Waters (M). 


British Columbia Section 


George Curley (A), James Monroe 
Lundblom (M). 


Canadian Section 


Leonard F. De Santis (A), R. G. 
Murley (A). 


Central Illinois Section 


William H. Belke (M), William E. 
Frank (M), Joseph V. Miller (J), Clyde 
L. Pritchard (M), Jack Thomas Syden- 
stricker (J), Harry H. Washbond (M). 


Chicago Section 


William K. Biery (A), Richard G. 
Cox, Jr. (A), John B. Durant (J), Gor- 
don D. McKittrick (M), Howard J. 
Slothower, Jr. (J), Frederick Snoy 
(M). 


Cincinnati Section 


Kenneth K. Finzel (J), Ernest J. 
Haas (J), William G. Williams (M). 


Cleveland Section 


Otto A. Ahlegian (M), Robert J. 
Broadwell (M), Eugene D. Cowlin (M), 
James G. Fletcher, Jr. (J), Robert Jul- 
ian Laws (M), Edmund Lis (J), Einor 
E. Lund (M), Samuel James Oakes 
(J), William C. Woodward (A). 


Detroit Section 


Robert Bollens (M), Robert W. Bro- 
berg (M), William E. Butts (M), Jo- 
seph L. Cannella (J), Raymond Eugene 
Clark (J), Clifford G. Currie (M), H. 
Bernard Ernst (J), Charles H. Fletcher, 
Jr. (A), Robert E. Harvie (M), Ben- 
jamin T. Howes (M), Gordon H. John- 
son (A), Andrew G. Leber (M), David 
Levitin (J), Walter S. McPhail (J), 
Ernest A. Parkanzky (J), Alex M. 
Pentland (M), James R. Ritzema (J), 
Wesley J. Schultz (M), Joseph James 
Simone (M), Robert W. Stapleton (M), 
James B. Stewart, Jr. (A), Elmer C. 
Stringham (J), Edward F. Thomas 
(M), Ernest A. Tsakiris (M). 

CONTINUED ON PAGE 148 
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NEW. 


Tachometer Take-Off 


oe | 


-< VEEDER-ROOT 


Rev-Countfers 


¢ J 
:. a y 
2 


With this new attachment, Veeder-Root 
Rev-Counters can be installed on any engine 
having a tachometer take-off in a position which 
is readily accessible for easy reading. Take-off can 
be furnished to suit average engine-speed. 
So now you can make it easier than ever for 
your customers to see that your product is 
performing up to its guarantee . . . to see when 
routine maintenance is coming due, and 
whether servicing is needed. 
You can count on Veeder-Root to figure out 
how to engineer these adaptable Rev-Counters -s ‘ D é 4 - 0 0 T 
into your products . . . not only engines, INCORPORATED 
but generators, compressors, heaters, ig \ HARTFORD 2 
refrigerators, and what have you? Write: | oT 
New York 19, N 
Greenville, S. C. « a. 6, iil. 


Montreal 2, Canada 
Offices and Agents in Principal Cities 
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TODAY 


SDA TCI mts 
Straight-Type Valve on m@derm trucks 


VALVE PERFORMANCE: 


why it’s even stronger today 


More people are rolling up more miles at higher speeds in more and better 
vehicles. The combined experience of Automotive, Tire and Tire Valve In- 
dustries has made this possible. Schrader concentrates on resolving all this 
experience into the design and production of the most practical tire valves. 
So successful is this performance that the world can and does take tire valve 
dependability for granted, no matter where the vehicle goes. You can count 
on quality Schrader Tire Valves to match the performance of your vehicles. 


A. SCHRADER’S SON BROOKLYN 38, N. Y. 
Division of Scovill Manufacturing Co., Inc. 


FIRST NAME IN TIRE VALVES 
© ites ft FOR ORIGINAL EQUIPMENT AND REPLACEMENT 
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BENDIX-WESTINGHOUSE AIR BRAKES 
Best buy for your trucks because they're preferred 
by America’s leading fleet operators! 


A ty Tw Leer Fae 


AND WHEN IT COMES TO AIR BRAKES, WE PREFER 


Beadixffestinghowe! 


THE WORLD'S MOST TRIED AND TRUSTED AIR BRAKES 


MN aD an 35 trucks 


AND WHEN IT COMES TO AIR BRAKES, WE PREFER 


Od ee ae 


THE WORLD'S MOST TRIED AND TRUSTED AIR BRAKES 


MRK. E. WARD KING, President, 
The Mason and Dizon Lines, Inc. 


From his company's general head- 
pete in Kingsport, Tennessee, Mr. 

ing directs the activities of a dynamic 
trucking firm providing fast, efhicient 
service to shippers and receivers along 
the Eastern Seaboard and Midsouthern 
United States. Mason and Dixon rigs. 
in 1955, rolled up a total of over 26 
million miles while operating on routes 
totaling 6,000 miles. The company 
maintains 26 modern terminals and 


employs 1,500 people 


It is a rarity indeed when a product in any 
field demonstrates customer preference so 
strong that it continually outsells all other 
competition combined year after year. Yet, for 
the past twenty-seven years, this has been 
the remarkable accomplishment of Bendix- 
Westinghouse Air Brakes in the truck and 
bus fields! In fact, recognition of the greater 
safety, economy and 
Bendix-Westinghouse Air Brakes by truck 
buyers has resulted in their factory instal- 


Ti ® 


dependability of 


MR. JOUN BISCROVE, President 
Red Star Lines of Auburn, N. Y., Inc, 


From his company's general headquarters 
im Auburn, New York, Mr. Bisgrove 
directs the activities of the largest motor 
carrier domiciled in the state of New York 
Red Star Express Lines serves the states 
of New York and New Jersey and main- 
taims eight conveniently located terminals. 
The company emplovs over 750 people and 
in 1955 rolled up over 8,300,000 total miles. 


lation on more and more truck models of 
all sizes. 

Chances are good that your trucks, too, 
offer the many advantages of these power- 
ful brakes. If not, we suggest you take 
advantage of the proven superiority of 
Bendix-Westinghouse Air Brakes by offer- 
ing them as factory-installed equipment. 
It’s one sure and easy way to add more 
sales-appeal to your vehicles! 


Over 2,000,000 compressors, produced over 
a twenty-seven-year span, stand behind 
the TU-FLO 400. Many advanced features 
guarantee performance no other com- 
pressor can equal. 


AIR BRAKES 


BENDIX-WESTINGHOUSE AUTOMOTIVE AIR BRAKE COMPANY « General offices and factory—Elyria, Ohio. * Branches—Berkeley, Calif., and Oklahoma City, Okla. 
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Rigidity! At equal weight, magnesium 


Magnesium’s unique combination of strength and light 
weight gives it some outstanding abilities as a structural 
metal. Take rigidity, for example. A magnesium bar has 
22% the stiffness of a steel bar of the same dimensions. 


But stiffness increases as the cube of section thickness. So, if 
thickness of the magnesium is increased to twice that of the 
steel, the magnesium bar will be over 70% more rigid—yet 
weigh only half as much. And if thickness is further increased 
until the bars are of equal weight, the magnesium bar will be 
1878%—or over 18 times—more rigid! 


i 


FIIVFVT TE ee 


is 18 times stiffer than steel 


Similarly, a magnesium <9 of equal rigidity to an aluminum 
bar will weigh only 75% as much as the aluminum bar. At 
equal weight, the m aiisaben bar will be over twice as stiff. 


From these facts it’s easy to see that magnesium can do a 
structural job equal to or better than steel and aluminum— 
and with appreciable savings in weight—whenever it’s prac- 
tical to increase section thickness. For more information 
contact the nearest Dow sales office or write to us. THE 
DOW CHEMICAL COMPANY, Midland, Michigan, Magnesium 


Department, MA 1402D. 


YOU CAN DEPEND ON 
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New Members Qualified 


Continued from page 142 


Hawaii Section 


Claude Francis Bartlett (A), 
Sylvester (A). 


Manuel 


Indiana Section 


James Robert Eddy (J). 


Kansas City Section 


Louis L. Tigner (A), M. H. Wessel 


(M). 


Metropolitan Section 


Thomas V. Fitzgerald (A), Samuel 
W. Handley (M), William B. Silvestri, 
Jr. (J), William B. Smyth (J). 


it yout Hove [ 


HAS THE INSERTS... 


No. 2 Developed especially for die-cast 
Similar expan- 
sion characteristic holds seats tight in 
Lolo 3 


aluminum alloy engines. 


No. 3 Premium quality cobalt tungsten 
chrome alloy for Diesel and gasoline en- 
gines. Dissipates heat, will not crack or 
loosen, high corrosion resistance, high 
impoct resistance. 


quality bi-metal seat 


for almost every 


No 4 Highest 
Standard of quality 
heavy duty engine application. 


WAUSAU MOTOR PARTS CO. ® 


hard seat for heavy duty gasoline en- 
gines. Economical, but high in impact 
and corrosion resistance, 


= 


No. 1 Molybdenum alloy coast iron seat 
provides strength at low cost. Easily 
adaptable to air-cooled engines and 
tractors 


You can “move” in any direction 
in this line of valve seat inserts . 

choose from special alloyed cast 
iron, alloyed steel, bronze or bi- 
metal in flange, throat, threaded 
or conventional designs. Whichever 
way you “jump” you land safely 
with a valve seat eee in service 
by scores of lea e build- 
ers who have specified ausau in- 
serts for many years. Metallurgi- 
cal and design data on request. 


2200 HARRISON ST. WAUSAU, WIS. 


Mid-Continent Section 
Eugene T. Speller (J). 


Mid-Michigan Section 

Paul R. Clark (A), Edward N. Harris 
(M), William D. Howell (M), Hugo 
Lundberg, Jr. (M), Lindbergh C. Vogt 
(M). 


Milwaukee Section 


Frank C. Skelton, Jr. (M 
Williams (A). 


), James G. 


Mohawk-Hudson Section 


Sanford C. Cockrell 
DeWitt (M). 


(M), John H. 


Montreal Section 

Garfield Kehl Bowser (J), Albert 
Heeds (A), James Arthur Hutchins 
(J), Robert F. MacKie (A), William 
Wright McKenzie (M), Ronald Whyte 
(A). 


New England Section 


J. Kenneth Baxter, Jr. (M), William 
Commans, Jr. (J), Harold J. Elmen- 
dorf (M), R. W. Smith (M). 


Northern California Section 


Robert L. Friedman (J), Pratt L. 
Greer (J), Clayton A. Norelius (J). 


Philadelphia Section 


Donald H. Hanson (M), 
Thomas, II (M). 


William W. 


Pittsburgh Section 
Norman M. Zanardelli (J). 


St. Louis Section 
George A. Feyerabend (M). 


Salt Lake Group 
Daniel M. Schwartz (M). 


San Diego Section 


Alan Weir Abels (M), J. J. Alkazin 
(M), G. Robert Blayzor (J), Robert J. 
Chillo (M), John S. Hahn (M), Ernest 
F. Kotnik (M), Jimmy Pisciotta (M), 
Donald M. Post (M), William M. 
Thomas (M). 


Southern California Section 

Grant C. Adams (M), William T. 
Barker (M), George W. Brooks (M), 
Lawrence L. Elder (M), Thomas C. 
Fenwick (M), Ted Grondona (A), Ray- 
mond P. Martin, Jr. (J), Charles E. 
Painter (M), Wilton E. Parker (M), 
Edgar Schmued (M), Philip H. Wil- 
liams (J). 


Southern New England Section 
George H. Raley (M). 


Texas Section 


Francis R. Dunn (J), Donald Arthur 
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Central Illinois Section 


Walter F. Anderson, Eugene L. Cald- 
well, Robert E. Hoffert, George H. Nel- 
son, Richard R. Smith, Edward W. 
Snell. 


New Members Qualified 


Continued 


Chicago Section 
Charles L. Al- 


Siedhof (J), Jack B. Sparkes (A), Stanley J. Adams, 

Daniel W. Wildfong (M). paugh, Ronald Keith Dickason, James 
Bernard Kearney, Arnold Dean Kin- 
caid, Marvin J. Klima, Frank J. Koz- 

Texas Gulf Coast Section 

Henry G. Coffman (A). 
Virginia Section 
Charles E. Gray, Jr. (J). 
Washington Section 
James E. Doran (A), Douglas A. L. 


Robson (M), Alfred Everett Savage 


(M). 


Outside Section Territory 

Charles J. Brady (M), Robert E. 
Greenman (M), Joseph F. Wagner 
(M), John Russell Wright (M). 


Withstands prolonged engine heat 
SLU mrt elm ulti e 


Applications Received 


The applications for membership re- 
ceived between March 10, 1957, and 
April 10, 1957, are listed below. 


Atlanta Section 


Nicholas J. Pratt, Howard B. Sim- 
kins. 


Alberta Group 


William George Anderson, 
N. Csokonay. 


William 


Baltimore Section 
W. F. Whitesides, Gilbert Wilkes, ITT. 


British Columbia Section 
Ronald B. Thicke. 


Buffalo Section 
Claude V. Hawk. 
Canadian Section - Laughs at fatigue, wear and breakage 
Keith Blackburn, John Stuart 
Bright, J. A. Carruthers, E. W. Clay- 
ton, A. J. Renwick. WAUSAU MOTOR PARTS CO. °® 
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2200 HARRISON ST. WAUSAU, WIS. 


James H. McInerney, Hor- 
ace W. Neill, Kenneth J. Nicholson, 
Gustaf H. Olson, Robert Edmund 
Reichard, Robert B. Woltman. 


umplik, Jr., 


Cincinnati Section 


James F. Brown, Howard G. Mallin- 
ger, Clyde K. Turley. 


Cleveland Section 
James A. Creedon, T. R. Fredriks, 


eh tars ete tal 


propert 
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ie unt cdacs eaieinttmaagey 
and engines su 
work loads under difficult operat- 
ing conditions . . . this is the ring 
you want. Produced from an ex- 
clusive alloy formula HT-100 is 
a “he-man” of a ring... a “brute 
i t” ... able to func 


believable conditions. Remarkably 
tough yet “smooth as silk” HT-100 
reduces cylinder wear while at the 
same time sealing effectively. a 
Write for Technical $ 
Bulletin #100. — 








Applications Received 


Continued 


Warren B. Grote, John G. Harmath, 


Robert E. Hughes, Robert K. Nelson, 


Robert L. Williams. 


Dayton Section 


Robert G. Hollifield, Sr., 
ward Lloyd. 


Charles Ed- 


Detroit Section 


Sidney Astourian, Howard A. Aula, 
Charles D. Branigin, Raymond Joseph 
Cedar, William Cholewka, David H. 
Davies, Robert L. Dega, Anthony Fran- 
cis Dubeck, Richard K. Eshelman, Ear} 
K. Fake, Gerald F. Fox, Daniel T. 
Franklin, Michael Angelo Fusco, Ches- 
ter Gieldowski, William John Hallauer, 
John C. Hampson, Harvey A. Hedlund, 
David L. Hill, Warren Deem Hirsch- 
field, Harvey G. Humphries, Theodore 
S. Jentsch, Jr., Paul R. Kelps, Leslie 
S. Kobylinski, George W. Landon, Ron- 
ald S. N. Lee, George H. Lowande, Jack 


GBOCGGOBO 


MULTIPLE 
CLUTCH 
SPRINGS 


Small 
Spring Loaded 


Heavy Duty 
Spring Loaded 


Oil or Dry 
Multiple Disc 


Heavy Duty 
Over Center 


ASSURE 
EVEN 


PRESSURE 


As many as 24 best quality springs are used in ROCKFORD 
Spring-Loaded CLUTCHES—to assure even pressure all around 


the 
"set" 


speed engine driven vehicles. 


plate. Made of heat-resistant wire (that will not take a 
the springs provide long service life in today's high- 


Power 
Take-Offs 


SEND FOR THIS HANDY BULLETIN : 

Gives dimensions, capacity tables and complete [==] 
specifications. Suggests typical applications. 

ROCKFORD Clutch Division BORG-WARNER 


316 Catherine St., Rockford, 


Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, It. 


Hll., U.S.A. 
sae 


CTL TUTTICTHTETS 
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C. McLauchlan, John Riordan Neff, 
Albert C. Nichols, Ross E. Nielsen, Ed- 
ward R. O’Neill, Jr., Vaughn Allen Pat- 
terson, George Petitpren, Jr., Daniel H. 
Pierce, Milton C. Portmann, Jr., J. 
Doyle Ryan, Robert V. Sharkey, Eu- 
gene E. Sowers, Karl-Gustav Stark, 
Richard L. Swart, Jerome A. Trapp, 
Fred H. Watson, John C. Witwer, 
Henry M. Woodhouse, Ming-Chih Yew. 


Indiana Section 


Don J. Bowling, George W. Bruner, 
Merle Dalton Coy, Heinrich Davatz, A. 
W. Earleywine, Jr., Raymond E. Gill, 
Gerald L. Gremaux, James W. Klein- 
schmidt, David E. Lucid, Glenn E. 
Mather, John Carlton Nordman, Le- 
land L. Reich, Milton B. Snyder, Rich- 
ard Loren Staadt. 


Metropolitan Section 


George G. Brown, Joseph H. Budd, 
Joseph S. Cascio, Francois Crouzet, 
Malcolm D. Earle, M. F. Fansler, 
Michael Henry Farmer, Karl G. Gran- 
lund, William T. Haupt, Arnold Jacob, 
Martin L. Kapin, Frank J. Kowalkow- 
ski, John D. Loftis, Russell M. Osborne, 
Edward W. Purcell, Carl W. Schonfeld, 
William Weinstein, John S. Zsido. 


Mid-Continent Section 
Herman Charles Inlow. 


Mid-Michigan Section 


Jess C. Barrow, Harold J. Beuhler, 
Otto Andrew Kern, Oscar E. Sund- 
stedt. 


Milwaukee Section 


Roy R. Buck, Donald E. Chaulk, 
Louis C. Mente, Philip A. Scheuble, 
Jr. 


Mohawk-Hudson Section 


Thomas J. Bradley, Anglo Di Sorbo, 
Robert Don, Edward J. Duncan, J. L. 
Flacke, Walter F. Venneman, Warren 
J. Waltson. 


Montreal Section 


Leopold K. Arnold, Reginald William 
Beech, R. Boyd Ferris, Raymond R. 
Gregory, Allan B. Newland, Gudmun- 
our P. Peterson. 


New England Section 


Richard L. Bates, Chester A. Van- 
derPyl 


Northern California Section 


William H. Albee, Jr., Robert D. 
Cowger, Sylvan F. Ellis, Frank B. Hur- 
tubise, R. D. Larimer, Edward C. Mc- 
Laughlin, Franklin A. Packard, John 
Luther Scruggs, George Street, Charles 
E. Wallick 


Northwest Section 
Bruce A. Douglas, Allen C. Mark 


Oregon Section 


Robert H. Feely, 
Nester 


Walter Henry 
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ESPECIALLY DESIGNED FOR TOP RING 
GROOVE PROTECTION IN PISTONS 
FOR GASOLINE ENGINES 











AN ECONOMICAL METHOD WITH 
MINIMUM WEIGHT INCREASE 


CAN BE APPLIED TO ANY TYPE 
ALUMINUM ALLOY PISTON 












WITH SEGMENTAL STEEL TOP RING SECTION 









TOP RING SECTION 





Again, Zollner engineering leadership provides an- 
other great piston development to engine builders. 
The new Zollner “Perma-Groove” gives sensationally 
longer life to pistons and rings, prevents blow-by, 
minimizes oil consumption. The light weight seg- 
mental steel section incorporates high wear resistance 
in the top ring groove plus the advantage of cool 
operation. Designed especially for gasoline engine pis- 
tons, “Perma-Groove” is the quality, low-weight and 
low-cost companion to the popular “Bond-O-Loc” piston 
for Diesel engines. We suggest an immediate test of 
“Perma-Groove” advantages for your gasoline engine. 













FRONT VIEW SECTION 


rr 


Tx XP 
4) 
OUTSTANDING ADVANTAGES ! ax i. 


OF ZOLLNER “PERMA-GROOVE” ~~“ 
TOP RING SECTION CROSS SECTION 


















. Individual steel segments eliminate continuous 
band expansion problem. 

2.Segments securely locked to prevent radia! 
movement. 

3. Dovetailed edges keep steel segments securely 
in plane with groove. 

4.75% steel bearing area for wear resistance. 

5.25% aluminum bearing area for heat conduc- 
tivity and cool operation. 

6. Light in weight. 



















*T. M. Reg. Pat. App. For 






ZOLLNER 










ADVANCED 
ENGINEERING 


PRECISION 


THE ORIGINAL EQUIPMENT PISTONS 


sux Ar OL LN ce 
BUILDERS 


ZOLLNER CORPORATION °* Fort Wayne, Indiana 
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THis PARK pie-rorceD CRANKSHAFT 


weichs 35QQ Pounns 


: ale typical of 25 models 
from 1500 to 5000 pounds, 


made for diesel and gas engines 


This “six throw” crankshaft, almost 12 ft. long, is repre- 
sentative of the large die-forgings Park supplies to 
manufacturers of gas and diesel engines. 

Park’s facilities include a complete die-sinking shop, 
modern specialized heat-treating equipment and ex- 
perienced metallurgical and engineering staffs. 

Our sales engineers will show you how Park die-forg- 
ings can increase strength and safety—cut down size 
and machine time on your requirements. 


Die Forging Specialists Since 1907 


THE PARK DROP FORGE CO. 


775 EAST 79TH ST. @ CLEVELAND 3, OHIO 


Carbon, Alloy, Heat-Resistant Alloy, and Stainless 
Steel Closed-Die Forgings from 4 Ibs. to 5000 Ibs. 








Applications Received 


Continued 


Philadelphia Section 

J. Frank Canfield, George W. Koehn, 
Donald H. Milne, Wallace D. Stein, 
George A. Wallace 


St. Louis Section 


James W. Foster, Donald C. Hill, 
Leroy David Jansen, Thomas A. Sulli- 
van 


San Diego Section 


Charles Douglas Beckner, Henry L. 
Behl 


Southern California Section 


Minoru Sam Araki, Bernard George 
Benaway, Charles E. Burns, J. F. Culp, 
Sanford J. Friedfeld, Karl Kenneth 
Kerns, John W. Peel, Jr., Dr. Benja- 
min L. Shaeffer, William Prichard 
Taylor 


Southern New England Section 


Charles W. Dixon, Raymond D. Hart, 
Thaddeus A. Lasek, Millard Girard 
Mayo, Howard W. Nelson, Anthony A. 
Pack, Gordon Sonner, James N. Sow- 
ers, Winthrop B. Vail, Max H. Voigt 


Syracuse Section 
H. Follett Hodgkins, Jr. 


Texas Section 


Vernon N. Ferguson, Stanley Edward 
Hildebrand 


Texas Gulf Coast Section 
John E. Valicek 


Twin City Section 


Arthur W. Boehm, Frederick A. Cas- 
well, John William Gausman, Oliver 
W. Johnson, Joseph N. Moses 


Virginia Section 
Edwin S. Hawkins 


Western Michigan Section 
Thomas Shannon 


Wichita Section 
William J. Howell, Jr. 


Outside of Section Territory 


Harvey M. Bender, Gerald A. 
Doetsch, John P. Motrie, Charles C. 
Rape, Jr., Theodore C. Schallehn, 
Lawrence E. Schwietz, Charles A. Smi- 
roldo, George A. Smith 


Foreign 

Armando Carvajal Alegre, Cuba; 
John Mather, England; Carl Gustaf 
Nystrom, Sweden; Charles A. Picker- 
ing, England; Thomas William Som- 
mers, Australia; Christian P. Tschudi, 
Switzerland 
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The beauty of Crueible stainless 





steel is its superior resistance to corrosion 


Why do today’s cars have as much as 55 lbs. of stainless 
steel per car? Because this metal is strong but lightweight. 
beautiful and durable, highly resistant to corrosion. It’s the 
ideal metal for wheel coverings, window frames, top and body 
trim, grilles, taillight housings, bumper guards and instrument 
panels. 

Tomorrow you'll be using even more pounds per car. For 
example, you may be able to use it for posts and pillars, chassis 
frames, floor and roof deck panels. And the beauty of designing 
with stainless is that your designs can easily be produced because 
of fabricators’ extensive experience with this versatile metal. 


Keep abreast of new developments in stainless steel by order- 
ing Crucible sheet and strip. Crucible promptly supplies stand- 
ard grades and finishes in practically any width and thickness. 
And if design and fabrication problems arise, Crucible engi- 
neers and research teams will cooperate with you in every way. 


Free Stainless Steel Selector contains complete data: nom- 
inal composition of all grades * physical properties * 
resistance to corrosion, scaling * data on machining, 
welding, hardening. Write: Crucible Steel Company of 
America, The Oliver Building, Mellon Square, Pitts- 
burgh 22, Pa. 






first name in special purpose steels 


Crucible 


Steel Company of America 


Canadian Distributor — Railway & Power Engineering Corp., Ltd. 
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Bring on the SHOCKS 
and EXTREME VIBRATION 






IMPERIAL 
FLEX FITTING 


are cushioned to end 
tube fitting failures ! 


Imperial Flex fittings thrive on vibration, mechanical 
shock and minor tube movement. Eliminate a common 
cause of fitting failure...and the need for costly 
flexible hose lines in many cases. In fact, if properly 
connected, Flex fittings will never fail under extreme 








vibration. 
. 4 * 
Speed installation too — Simply slip nut and sleeve over Why Flex fittings can’t fail 
tubing. Insert tubing into body and tighten nut. That’s Like resilient mountings for automobile engines, 
all! Make pressure-tight joints on all seamed and seam- Flex sleeve permits tube to flex back and forth 


through angle shown. Tubing can’t wear because 
metal-to-metal contact is snubbed. Flex fittings 
are available for % to %” O.D. tubing. 


less tubing, including scored tubing or tubing with 
surface defects. Can be disconnected and reconnected 
repeatedly without danger of leakage! Even slight 
misalignment will not cause leakage. ge j_. 

- Ve Trucks, tractors, heavy 
power equipment, 
earthmovers all thrive 
on Flex fitting vibration-proof protection. Make a test 
application on your product NOW. 


Write for Catalog No. 344. 


THE IMPERIAL BRASS MFG. CO. 
1225 W. Harrison St., Chicago 7, Ill. : 2, 


In Canada: 334 Lauder Ave., Toronto, Ontario 


Built to take punishment — Proved superiority on severe 
applications is a matter of record. Forged bodies on 
elbows and tees are tough, rugged. Sleeve withstands 
gasoline and oil... flexes perfectly in sub-zero to 
250°F temperatures. 





SEE YOUR IMPERIAL DISTRIBUTOR: for fittings and tools for copper, steel, stainless steel, aluminum 
and plastic tubing. He offers Industry’s Most Complete Line. 
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Features of the new 
TORRINGTON DRAWN CUP 
ROLLER BEARING 


* rollers end-guided at pitch line (A) 


e shaft-riding retainer (B) designed 
to permit lubricant circulation 


e high capacity in small cross 
section (C) 


e long pregreased life 

¢ efficient at high speeds 
¢ mounted by press fit 
«simple housing design 


e low unit cost 





INTRODUCING 


a new low-cost precision roller bearing... 


THE TORRINGTON DRAWN CUP 
ROLLER BEARING 


For the first time, the advantages of drawn cup outer race construction are avail- 
able in a precision roller bearing. 

This compact, lightweight bearing consists of spherical end needle rollers, a 
One-piece hardened steel retainer and case-hardened thin-section outer race. De- 
signed to run on a hardened shaft or with an inner race, this new series takes a 
press fit inva simple housing without snap-rings or shoulders. 

Highly efficient roller guidance and lubrication are outstanding features. The 
shaft-riding retainer contacts the roller ends at the pitch line where guidance can 
be obtained with the least effort. The design provides ample storage for lubricant 
and promotes its circulation. 

These features make the new bearing particularly suited to applications requir- 
ing compactness with precision, high-speed endurance or long pregreased life. 

For information on sizes now available and for application assistance, call on 
our Engineering Department or write for the new bulletin, “Torrington Drawn 
Cup Roller Bearings.” THE TORRINGTON CompPaNy, Torrington, Conn. — and 
South Bend, Ind. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER - THRUST + BALL + NEEDLE ROLLERS 
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WITH HUSKY 100-POUND AIR HOIST 


New Keller Tool air hoist weighs 100 pounds .. . raises a 
4000-pound load at 10 feet per minute. Hoist is strong and 
powerful enough to handle the 2-ton load with complete safety. 

New 2-ton hoist is powered by high-torque, axial-piston 
compressed air motor for positive starts and stops. A cen- 
trifugally governed, fully mechanical brake prevents slippage. 
Length of lift is 8 feet. Hook-to-hook dimension is only 231% 
inches. 


Has all the outstanding features of the Keller Tool air hoist line: 
Lightweight—easy to move and hang. 

Variable Speed—from creep to maximum. 

One-Hand Control—of lifting, lowering, spotting. 

Safe in Heat or Dust — air motor doesn’t spark . . . won’t heat up. 


Economical Operation—air consumption is low . . . requires 
little servicing or maintenance. 


Operator Safety— powerful brake holds load regardless of air 
supply. An exclusive feature of the new two-ton hoist is a safe- 
ty cable hole that provides extra safety for load and operator. 


Keller Tool air hoists are available in lifting capacities of 
150... 300...500...1000...2000...and now... 4000 pounds. 
Write for Bulletin 86. 


Keller Tool air 
hoist, keeping 
pace with assem- 
bly line convey- 
or, lifts rear axle 
assemblies onto 
conveyor hooks. 


ENGINEERING FORESIGHT—PROVED ON THE JOB 
IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 


, GARDNER - DENWER 


Gardner-Denver Company, Quincy, Illinois 
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Fiow to remeday 
four common errors 
in gasket design 


As the examples above show, simple changes in gasket 
design or specification can result in savings in gasket 
cost and handling time. 

Changes in joint design, too, can be helpful. Stiffen- 
ing a flange, for example, will prevent flange bending 
—which has been found to cause about 90% of all 
joint leaks. Decreasing the gasket area and putting 
bolt holes closer together are other ways to cure this 
trouble. For more information on gasket selection and 
use, please write for the booklet shown at the right 
or call your Armstrong representative for assistance. 


SAE JOURNAL, MAY, 1957 


SEND FOR 1957 EDITION OF ‘‘ARMSTRONG GASKET MATERIALS” 


This 16-page booklet discusses the choice 
of proper gasket materials and describes 
Armstrong cork, cork-and-rubber, synthetic 
rubber, and fiber sheet materials. Included 
are government an2 “AE-ASTM specifica- 
tions. Look for this booklet in Sweet’s prod- 
uct design file. Or for a personal copy, 
write Armstrong Cork Company, Industrial | 
Division, 7105 Durham St., Lancaster, Pa. | 


i 


(Armstrong GASKET MATERIALS 


. . used wherever performance counts 





TRUCK OPERATORS - 


Add Braking Power, 
Increase Safety, With 


WONDILAWNID Assistor-Type 
Hy-Power BRAKES! 


Available In Air Or Vacuum— Complete 
Kits At All Midland Distributors 


You can substantially boost the braking power of your 
truck, add life to the system, and increase the safety 
of your operations by equipping your vehicle with 
Midland Hy-Power Assistor-Type Brakes. 


They’re inexpensive, easy to install, amazingly effective. 
Available in either air or vacuum, they come in a wide 
range of sizes—from the model designed for 1-ton trucks 
to the heavy-duty unit for 3-ton vehicles. And there’s 
a Midland Hy-Power model for passenger cars, too. 


Your nearest Midland Distributor has a full line of 
Hy-Power Brakes in complete kits — ready for quick, 
easy installation. Equip your trucks and enjoy the bene- 
fits of safer, more efficient braking, reduced driver fatigue. 


YOU GET THESE EXTRA ADVANTAGES WHEN 
YOU CHOOSE MIDLAND HY-POWER BRAKES 


NO ADJUSTMENT — NO LUBRICATION — No critical 
settings to be maintained. All moving parts lubricated 
automatically by the brake fluid in the system. 


YOU RETAIN “BRAKE FEEL’ — You are fully aware 
of “brake feel” and light pedal pressure required at 
all times. 


EXTRA SAFETY — You keep present hydraulic system 
in reserve, thus enjoy the added safety feature of 
regular brake operation in case of power failure. 


DEPENDABLE OPERATION — Performance not affected 


by moisture, condensation, or body dents or dings. 


DESIGNED, BUILT, TESTED AND BACKED BY THE MIDLAND STEEL 
PRODUCTS COMPANY, THE MANUFACTURER OF THE FINEST TRUCK 
POWER BRAKES FOR 25 YEARS. 


THE MIDLAND STEEL PRODUCTS COMPANY 


Owosso Division ° Owosso, Michigan 


Export Department: 38 Pearl Street, New York, N.Y. 


Tae ap 
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industry’s Highest Power Transistor 


Eliminate arcing at switch points. Stop switch deterioration 
while increasing the efficiency and reliability of all electronic 
control equipment! 


A single Delco 2N174 transistor can switch regardless of age, are currently being produced 
1 kw with one watt of control power. by the thousands every day. Write for 
engineering data. 


Because transistor switching eliminates arcing, 


itch life is i : ae ee 
switch life is longer and more reliable Power Suitching Chavacheaielian 


This switching performance is possible because Switching Power 
of the excellent electrical characteristics of the ee be Maal 
2N174; in particular, the high collector break- position 13 amperes 
down voltage, extremely high maximum col- 


: . Input Control Po 1 watt 
lector current, and very low input impedance. ~ wee wa 


Power Gain 30 db 

You may employ Delco 2N174 high-power Dissipation in “‘on” 

transistors with confidence in their reliability position 

and uniformity. These transistors, normalized “Switching time ‘| 60 microseconds 
to retain better performance characteristics 


PpEtLCO RADIO: "USA 
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Any engine gives better mileage at lower cost 


with positive-valve-rotation 


If you have been specifying Thompson 
positive-rotation only for your big, heavy- 
duty engines, you’ve been overlooking an 


additional maintenance-saving opportunity. 


Thompson rotation will improve the 
performance of any engine, from a pick-up 
truck to your heaviest highway tractor. 
You can get Thompson posztive-rotation as 
original equipment on practically any 
engine built by any manufacturer... just 
specify Thompson posztive-rotation on your 
next order for trucks. The cost 1s so low 


you'll make it back promptly in the extra 
mileage between valve replacements, and 
reduced down time. 

Valves close tighter longer when they 
are rotated a measured arc every stroke by 
Thompson positive-rotation. There’s less 
danger of burning and channeling. Mileage 
between valve replacement can increase as 
much as 800%. 

Every truck you buy deserves positive- 
rotation ...specify either Thompson’s Roto- 
caps or Rotocoils. 


da lv e D VISION Thompson Products, Inc. 


1466 EAST 185th ST.+ CLEVELAND 10, OHIO 
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Where to use R/M FLEXIBLE 


THIN-WALL CTeffon HOSE in 


automotive and aircraft applications 


Wherever corrosive fluids, high mechanical 
Stresses, Or extreme ambient temperatures 
are involved in lines which must handle 
fuels, lubricating oil or hydraulic fluid, R/M 
Flexible Thin-Wall “Teflon” Hose provides 
easy solutions to difficult problems. 

For example, take the precision centerless 
grinder above, which is used in the manu- 
facture of critical aircraft components. 
Lines supplying its hydraulic infeed drive 
system must be flexible. They must handle 
cycling pressures in the range of 75 to 90 
psi. R/M Flexible Thin-Wall “Teflon” Hose 
was found ideal for this troublesome appli- 
cation. It offers equal advantages in count- 


less difficult aircraft and automotive appli- 
cations, for it serves continuously in tem- 
peratures ranging from —100 to 400°F with- 
out failure, lasts many times longer than 
similar hose of other materials, and is un- 
affected by aging or the highly corrosive 
agents it may encounter. 

R/M Flexible Thin-Wall “Teflon” Hose, 
with wire-braided or rubber cover, is avail- 
able through leading coupling manufac- 
turers. We have pioneered in the develop- 
ment of products of “Teflon” for use in the 
automotive and aircraft fields. Write us for 
complete specifications on R/M “Teflon” 
products and name of nearest supplier. 


*A Du Pont trademark 


i 
\ 
\ 


\ 


Other R/M “Teflon” products for the automotive and 
aviation industries include rods, sheets, tubes and tope 
centerless ground rods held to very 
stress-relieved molded rods and tubes; and Ray 

mechanical grade of Tefion with many of the prop 
erties of virgin “Teflon.” For details, call or write R/M 


ose tolerances 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION, MANHEIM, PA. 


FACTORIES: Manheim, Pa.; Bridgeport, Conn.; No, Charleston, S.C.; Passaic N.J.; Neenah, Wis.; Crawfordsville, Ind.; Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics « 


Asbestos Textiles « 


Mechanical Packings « Industrial Rubber « 


Sintered Metal Products « Rubber Covered Equipment 


Brake Linings « Brake Blocks « Clutch Facings * Abrasive and Diamond Wheels e Laundry Pads and Covers « Industrial Adhesives « Bowling Balls 
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SERVICE 


Nothing succeeds like timing . . . especially in a mass 

production world where output can be measured by the minute! 
That’s why McQuay-Norris service includes unusual 
precautions to assure delivery when and as specified ! 


Call us. We’re ready to serve you. 


VicCQUAY-NORRIS 


MANUFACTURING COMPANY St. Louis + Toronto 


Largest Producer of Smai/i Rings in the Automotive industry 
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Today one of industry’s most formidable tasks is to 
streamline and shorten the time-consuming process 
that transforms ideas into exciting new products. 

Never in man’s history has this embryonic period 
needed to be shortened more than now—when tech- 
nological superiority could very well be the world’s 
best hope for peace. 

And nowhere is this challenge being met more 
energetically than in the development and produc- 
tion of automatic control systems at AUTONETICS. 
A whole new breed of electronic and electro- 
mechanical tools and techniques is being evolved 
to shorten lead time. A notable example is Numill, 
AUTONETICS’ new tape-directed numerical machine- 
tool control system. Numill is entirely digital, and 

can convert a numerical engineering desc ription 
into a prototype configuration—quic kly, economi- 
cally and with consistent accurac y: 

Standardized “postage- stamp” circuits allow 
engineers to mockup even highly advanced designs 
MAN 


AUTOMATIC CONTROLS 
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Man’s electro-mechanical partners are bringing his 
ideas to life faster...better...at less cost 


almost as simply as they would plug in an electric 
shaver. And AuUTONETICS’ data processing equip- 
ment can simulate a wide range of ope wational 
missions, as well as solve the most involved mathe- 
matical problems in minutes instead of days. 

AuTONETICS’ ability to save time and money 
between concept and produc t delivery is reflec ted 
in every area of its electro-mechanical tec hnology: 
flight controls, inertial navigation, armament con- 
trols, computers, and other complete systems for 
the military and industry. 

For detailed information, or for employment 
in this dynamic field—write: AUTONETICS, Dept. 
SAE-73, 9150 E. Imperial Hwy., Downey, Calif. 


Autonetics 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 


HAS NEVER SeVvUrLT BGEeErorRe 
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West BeEnp outboard motors for 1957 feature 
new colors, wider range of ratings. But one 
thing doesn’t change: Their freedom from 
annoying vibration. Special MB vibration 
mountings, as they have for years, isolate 
motor from boat. 


Satisfactory isolation of outboards can be 
difficult to achieve. Modes of motion are 
rougher; underwater service conditions are 
hardly ideal; and the location of suspension 
points is relatively restricted. Specially engi- 


neered, all-neoprene MB mounts overcome 
these problems...taming torque from engine, 
and cushioning impulse from propeller. 


MB concentrates on mounts which start 
where ordinary units have to give up. While 
standard units are available, MB mounts are 
actually in the special performance class, Per- 
haps we can work out a modification of one 
to solve your troublesome vibration problem. 
Send for Bulletin 616A. 


1067 State Street 


MANUSACTUTINE COMPANY Now woven M1, Conn 


A Division of Textron Inc. 


HEADQUARTERS FOR PRODUCTS TO ISOLATE VIBRATION...TO EXCITE IT...TO MEASURE IT. 
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Heres Why 

Piston rings must keep pace with your 1958-1959 engine 

developments—and Muskegon meets this challenge 

these three ways: 

1) METALS: New compositions may be required. 
Muskegon metallurgists cooperate closely with you 
in developing them. You'll work with the engineers 
responsible for many famous piston ring firsts, such 
as sintered powdered metal rings, “Unitized” steel 
oil rings, chrome plated “Unitized” oil rings and 
lapped chromium plated steel segments. 

2) DESIGNS: Muskegon engineers design piston rings 
to meet the exact requirements of every piston 
groove. This precise engineering has put Muskegon 
piston rings in more than one out of every three 
new cars on the road today. 

3) PRODUCTION: Regardless of how many piston rings 
you may need, Muskegon stands ready to meet your 
requirements, when you need them. And, Muskegon 
is also equipped to produce your service ring sets 
completely packaged with your own label... plus 
rings for transmissions, power steering and air 
conditioning compressors. 

Metals, designs, production-—it all adds up to the best 

piston rings ever for your better-than-ever 1958-1959 

engines. So... let Muskegon plan and work with you 

now .. . for better design and performance in the 
years ahead. 


SAE JOURNAL, MAY, 1957 


Specify Muskegon 
Top Chrome 
Compression Rings 


Specify Muskegon 
Center 
Compression Rings 


Specify Muskegon 
Oil Control Rings 


Piston Perea 8 


CHICAGO, ILLINOIS DETROIT OPFicE: 
New Center Bidg. 
Telephone: Trinity 2-2113 


Cince 1921... The engine builders’ source ! 





Over 275,000 Spicer Fully Synchro- 
nized Transmissions have been built 
since 1934 for every kind of heavy- 


duty civilian and military use! 


DANA CORPORATION °« Toledo 1, Ohio 





Ru Bunyan, fabled in song and story for superhuman 
feats in the woods, would be amazed at the tremendous 
hauling jobs of today’s trucks equipped with Spicer Fully- 
Synchronized Transmissions. 


Hundreds of thousands of these heavy-duty Spicer 
Transmissions have been sold for original equipment and 


replacement service in logging, quarrying, oil fields, buses, 
earth-moving, and other essential industries which impose 
extreme punishment upon equipment. Motor transport, 
one of America’s great industries, relies upon Spicer Fully- 
Synchronized Transmissions for economical, dependable 
service hauls—across a city or across the continent. 


Spicer Transmissions have been produced since 1907. 
A Thomas Flyer using a Spicer Transmission established 
the first round-the-world automobile endurance record in 
1908, spanning the United States, Asia and Europe on 
roads and paths that had never before seen a motor car. 


Ask Dana engineers to demonstrate the many 
advantages of the Spicer Fully Synchronized Trans- 
mission to your heavy-duty needs in any field. 


SPICER PRODUCTS: Transmissions ¢ Universal Joints ¢ Propeller Shafts « 

Torque Converters « Axles ¢ Powr-Lok Differentials e Gear Boxes @ Power 

Take-Offs « Power Take-Off Joints « Rail Car Drives e Railway Generator 

Drives @ Stampings e Spicer and Auburn Clutches e Parish Frames @ Spicer 
Frames @ Forgings 





for those 
little parts 
that play 
such a big 
part... 


CALL ON 


Why do so many leading automotive manufac- 
turers consider Aetna their regular source of supply 
for vital component parts? 

For one thing, they always get the best parts 
made—of highest quality and uniformity—and at 
the best price possible. But this isn’t all they get 
for their money. They get PLUS values that carry 
no price tags. 

For instance, because Aetna is such a versatile 
manufacturer, they get a wide choice of services, 
the time and money saving advantages of our vast 
store of tools and the stubborn kind of engineering 


yok 


BALL BEARINGS + ROLLER BEARINGS - PRECISION PARTS 
AETNA BALL AND ROLLER BEARING CO. 


Division of Parkersburg-Aetna Corporation 
4600 Schubert Avenue . Chicago 39, Illinois 


help that invariably resolves parts problems the 
most economical way. 

And because of Aetna’s advanced quality con- 
trol-inspection systems, rejections and returns are 
held to a minimum, saving time, trouble and extra 
expense for the customer. 

See for yourself why Aetna’s experience in parts, 
as well as in bearings, has made it the ‘‘can do” 
company. Just send us a sketch and description of 
YOUR specific parts problem. We'll promptly re- 
turn the most economical proposal in keeping with 
your application and reliability requirements. 
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No matter how many you need... 


we offer fast delivery of O-rings! 


Parker can meet amy demand for O-rings. Factory stocks 
(millions of O-rings) are maintained in Chicago, Cleve- 
land and Los Angeles. Large warehouse stocks are 
available at more than 50 Parker O-ring distributors. 
You can get standard sizes of AN, MS, industrial spec- 
ifications, etc., right off the shelf. (And we have over 
296 standard O-ring sizes with many different standard 


Pa rker 


system components 
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compounds.) Parker also has the production facilities 
to handle “specials” and volume requirements. 

From Parker you get exactly the right O-ring for 
your specific requirements. Our engineering service will 
help you with any designing problems. We invite you 
to prove by comparison tests how Parker O-rings seal 
better and last longer. 


RUBBER PRODUCTS DIVISION 
Section 522-W 


The Parker Appliance Co. 
17325 Euclid Ave., Cleveland 12, Ohio 


(] Please send O-ring Size Catalog No. 5701 
mi Sete ascent - 


COMPANY 
ADDRESS 
ciTY 





Waldes Truarc Retaining Rings Eliminate Machining 
and Parts—Cut Assembly Time on Drill and Tapper 


ALTERNATE DESIGN TRUARC DESIGN 


Clamp Cylinder Rod Stop Assembly 


Truarc “E” Rings (Series 5133) replace stop nuts in the Clamp 
Cylinder assembly. They eliminate need for threading 2 rods 
...the danger of cross-threading nuts...and costly rejects. 
Truarc Rings cut assembly time and cost. 


Beco Model 410 Drill and Tapper 


The Batchelder Engineering Co., Inc., Springfield, Vermont uses 
4 different sizes of 2 different type Waldes Truarc rings in 
their new BECO Model 410 Automatic Drill and Tapper. Truarc 
rings speed assembly, reduce machining, improve design. 


ALTERNATE DESIGN TRUARC DESIGN 


Hopper Cylinder Anchor Pin Assembly 


2 Truare Rings (Series 5100) secure and position end of verti- 
cal air cylinder. Rings eliminate extra cost of machining 3- 
diameter pin, threading and undercutting... plus nut and 
washer. Assembly is quick and sure. 


Bell Crank Pivot Assembly 


Truare Rings (Series 5100) in Bell Crank Pivot assembly per- 
mit grease hole not possible with cotter pin fastener. Use of 
nuts would have increased machining and assembly costs 
considerably. 


different sizes within a type...5 metal specifications 


Whatever you make, there’s a Waldes Truarc Re- 
and 14 different finishes. Truarc rings are available from 


taining Ring designed to improve your product... to 


save you material, machining and labor costs. They’re 
quick and easy to assemble and disassemble, and they 
do a better job of holding parts together. Truarc rings 


90 stocking points throughout the U. S. A. and Canada. 


More than 30 engineering-minded factory repre- 
sentatives and 700 field men are available to you on 


are precision engineered and precision made, quality 


. te ; call. Send us your blueprints today...let our Truarc 
controlled from raw material to finished ring. Y P y 


engineers help you solve design, assembly and pro- 


36 functionally different types...as many as 97 duction problems... without obligation. 


For precision internal grooving and undercutting ...Waldes Truarc Grooving Tool! 


WALDES Waildes Kohinoor, inc., 47-16 Austel Place, L. 1. C. 1, N.Y. 


| 
®) Please send the new supplement No. 1 which 
brings Truarc Catalog RR 9-52 up to date. ~ 
(Please print) yo F 
\ Name : 
v ® Title ; 


nee Company 
ae * L RETAIN ING RINGS Business Address 


WALDES KOHINOOR, INC. _ Zone .. State. 
47-16 AUSTEL PLACE, L. 1. C. 1, N. Y. 
WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081, 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in foreign countries 


SEE THE TRUARC EXHIBIT AT THE DESIGN ENCINEERING SHOW, NEW YORK COLISEUM, MAY 20th to MAY 23rd. BOOTH NO. 1010. 
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ENGINEERS ~s y 


AC OFFERS YOU SECURITY 


G M's long-standing policy of decen- 
tralization creates unlimited opportunities for 
quatified Electrical, Mechanical Engineers and 


Engineering Technicians 


lassenennn, pie 


— LCs 


os Pe ieee 


ee Ie 


DEVOTED TO 
RESEARCH 


 —_— — MISSILE GUIDANCE 

—JET ENGINE FUEL CONTROLS — COMPUTERS 

— COMMUNICATION EQUIPMENT — CIVIL DEFENSE 

AC'S new, modern 225,000 AVIATION—AUTOMOTIVE ELECTRONIC PRODUCTS 


square feet, glass-masonry, alu- all offer you personally, opportunities that demand 


minum plant (being built in sub- : : : : 
‘ . investigation. To arrange personal, confidential 
urban Milwaukee) is another step 
in GM's Electronics Division’s ;.. & interview in your territory, write today to 


Permanent, Progressive Program. \ sal Mr. Cecil E. Sundeen 


Supervisor of Technical Employment 


can ft BEST in our Challenging, Program [ey AC THE ELECTRONICS DIVISION 
General Motors Corporation 


write to us today. 
Milwaukee 2, Wisconsin Flint 2, Michigan 
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Truflex® Thermostat Metal Parts by Hike} Sy 1 7.3 Se GS 


Give you 
Consistent 


Performance 


@ Every piece, whether in lots of 10 or 10,000, is a duplicate of the 

original — eliminating rejects and costly adjustments in assembly. 

For better control, indication, 

or compensation of 

temperature in your 

products, look to Truflex @ Production problems, special equipment, prolonged experimental work, 
Thermostat Metal parts. expensive calibrating operations are all eliminated when 

Here's why: you use Truflex parts. 


e@ Truflex Thermostat Metal Parts and Sub-Assemblies are engineered 
to your specifications, ready for installation. 


e@ If you prefer to make your own parts, Truflex Thermostat Metals 
are available in extra long coils or flat strips manufactured to 
exacting specifications. 


You can profit by using General Plate clad metals. 


"one f your Garastat ital METALS & CONTROLS |g} CORPORATION 


parts, and let us show you what atk 
we can do? No obligation. General Plate Division 1105 Forest Street, Attleboro, Mass. 


FIELD OFFICES: NEW YORK, CHICAGO, DETROIT MILWAUKEE, LOS ANGELES 
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WASTE NOT, WANT NOT 
Or how Cleve-Weld circular parts know-how 


can save you money... 


CUT YOUR WASTE COSTS up to 30% 
over bulky cast or forged parts with 
Cleve-Weld rings and bands. 


From simple gear blanks to special alloy jet rings, 
material is no problem. We've worked with every- 
thing from carbon steel to titanium and the newest 
aircraft alloys. Many of today’s leading jet engine 
manufacturers use Cleve-Weld rings for this reason. 

Before you specify a casting or forging for a circu- 


CLEVELAND WELDING DIVISION 
AMERICAN MACHINE & FOUNDRY COMPANY 
Cleveland tI, Ohio 
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CUSTOM-ORDER SECTIONS — We order special mill- 
rolled or extruded sections where quantities permit. 
These eliminate excess machining; hold costs to 
minimum. Sections above are for jet rings. 


THE CLEVE-WELD PROCESS is also 
ideally adapted to cut waste 
costs on complicated components. 


lar part, check CLEVE-WELD. We'll have our de- 
signers, metallurgists and production men study 
your drawings to see if we can save you money. Call 
—or write and send drawings to Circular Welded 
Parts Department, Cleveland Welding Division, 
W. 117th Street and Berea Rd., Cleveland 11, Ohio. 


CONQUER INERTIA...MAIL THIS COUPON NOW! SAE-705 


I'd like a brochure on Cleve-Weld’s metallurgical, design and production facil- 
ities. Particularly, I’d like to know how the Cleve-Weld Process can cut costs. 


I asiniisevnlbtipenicnesdanintnenashistanalieetaitainticemiencei 


ATTACH TO YOUR COMPANY LETTERHEAD AND MAIL TODAY! 





Naugatuck PARACRILS 


Phantom view of one type automobile air conditioning system 


. Compressor 
Condenser 

. Receiver 
Receiver Check Valve 
Metering Solenoid 
Liquid Line Sight Glass 


Flexible Connectors in Refrig- 
erant Suction and Discharge 
Lines 


H. Refrigerant Lines Clamped to 


Frame Beneath Car 


Liquid Line Dehydrator and 


Filter 


Evaporator and Blower Assembly 


K. Fresh Air intake 


L. Discharge Ducts and Air Distri- 


bution Grilles 


Shelf 


M. Return Air Grilles on Package 


Air conditioning an automobile is not a new idea...just one that presented a variety 


of material specification problems. One of the most important of these problems was 


the need for a 


rubber with low enough permeability to be used as a vehicle for com- 


mercial refrigerants. This was solved with a Paracril® rubber. 


Paracrils are Naugatuck’s butadiene acrylonitrile rubbers. Rubbers capable of carry- 


ing refrigerants while possessing outstanding resistance to oils, fuels, aromatic hydro- 


carbons and many hydraulic fluids. In addition Paracrils provide: 


For complete 


superior aging resistance, even at elevated temperatures, 
high and low temperature flexibility, 

outstanding abrasion resistance, 

unusual tensile properties, 

the best resistance to air and gas permeability. 


information on how the oil-resistant Paracril family can help you 


improve or develop a product, write to us, today. 


Division of United States Rubber Company 


Naugatuck, Connecticut 


IN CANADA: NAUGATUCK CHEMICALS, Elmira, Ontario * Cable Address: Rubexport, N.Y 
Chemicals * Synthetic Rubber ¢ Plastics * Agricultural Chemicals * Reclaimed Rubber ° Latices 
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MORE AND MORE 


MAJOR COMPONENTS 
ARE BUILT BY ROHR 


For example, brazed, stainless steel, honey- 
comb panel structures are being manufactured 
by Rohr for the great new B-58 Hustler, built 
by Convair for the U. S. Air Force. 


Today Rohr manufactures over 30,000 air- 
plane parts, included in such major components 
as stabilizers, elevators, fuselage sections, pneu- 
matic system components, high strength weld- 
ments, and stainless steel honeycomb sandwich 
panels. 


More and more, leading air-frame manufac- 
turers count on Rohr for design engineering, 
for conception, development and production of 
parts to meet modern flight problems. In many 


WORLD’S LARGEST PRODUCER OF 


cases, Rohr engineering teams are actually 
assigned to the customer’s plant, to work with 
the manufacturer's engineering staff and bring 
back a full understanding of requirements to 
be met. 


And, of course, Rohr is well known as the 
world leader in production of ready-to-install 
power packages for airplanes — including the 
Boeing B-52, KC-135, 707, Convair 880, 
Lockheed Electra Propjet, Super Constellation, 
C-130, Douglas DC-7 — and many other of 
America’s leading military and commercial 
planes. 


For the aircraft parts you need, next time 
look to Rohr. 


READY-TO-INSTALL POWER PACKAGES FOR AIRPLANES 


Excellent career openings 
now for engineers and 
tooling technicians. 


AIRCRAFT CORPORATION 


CHULA VISTA, CALIFORNIA 


Also plants in Riverside, California « 


Winder, Georgia + Auburn, Washington 


SAE JOURNAL, MAY, 1957 





a x 
/ 


NY 


ly) 


AN 


A 


_ 
" ea 
ee 


" 





NOW...an aluminum 
wheel with 

integral hub ; ANOTHER KAISER 

ANG CTU) — see: cessor ce'isinuo pamenger sar wet hat 


can be economically cast—the product of two and one-half 
years of design and development. 











© The design combines whee! disc, hub and brake drum 
(le SI n ed fo l into a single casting with unique advantages in 
braking performance, production economy, weight 
and strength: 
- Production economy: The die or permanent mold casting 
C a Sti n 9 method renders mass production of the wheel economically 
practical and lends itself to an infinite variety of attractive 
styling variations. 


Braking performance: Dynamic and brake dynamometer 
tests indicate that the performance of this aluminum wheel 
far surpasses accepted standards. Tests show substantially 
less brake fade —due to aluminum’s high heat conductivity, 
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direct flow of heat to cooling fins and virtually unrestricted 
passage of cooling air over heat-dissipating surfaces. The 
actual braking surface is a ferrous metal liner held in place 
or bonded by any of the accepted commercial methods. 


Weight: A prototype wheel with rim weighs only 30 pounds 
as compared to 42.6 pounds for a steel wheel, hub and brake 
drum assembly. This saving— 12.6 pounds or about 30 per 
cent — makes possible greatly reduced unsprung weight, im- 
proved riding characteristics, better over-all performance. 


Strength: Design of the wheel combines wheel disc and hub 
for greatest strength at least weight, and at the same time 
exposes ample surface area for efficient air-cooling. The 
design also minimizes the contact area between the demount- 
able rim and the aluminum casting; this restricts the direct 
heat flow to the rim, thereby increasing the tire life. 


Kaiser Aluminum does not manufacture the cast alumi- 
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ALUMINUM PARTNERSHIP PROJECT WITH THE AUTOMOTIVE INDUSTRY 
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Superior braking performance 


Economical production by die or 
permanent mold casting methods 


Reduced unsprung weight: 
50 pounds per car 


Greater mechanical strength 


num wheel; but does work as idea partner to the automotive 
industry, helping introduce better parts at lower cost through 
developments in aluminum. 

Our Automotive Development engineers are available to 
work with you on applications of the cast aluminum wheel 
...as well as to help you on other specific requirements and 
problems in aluminum alloy selection and fabrication. 

For further information, call our Automotive Industry 
Division, TRinity 3-8000, Detroit. Kaiser Aluminum & 
Chemical Sales, Inc., 2214 Fisher Bidg., Detroit 2, Michigan. 


Kaiser Aluminum 


See “THE KAISER ALUMINUM HOUR.” Alternate Tuesdays, NBC Network. 
Consult your local TV listing. 
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Here are 104 of the Enjay Butyl rubber parts contributing 
to the outstanding performance of the 1957 Pontiac cars. 


Enjay Butyl, the super-durable, all-weather rubber, has been Pontiac’s choice 
for important rubber parts for the past eleven years. This year, in more parts 
than ever before, Enjay Butyl rubber is adding strength, durability, and beauty 
for safer, more luxurious driving. 

Readily available in non-staining grades, Enjay Butyl rubber can be com- 
pounded into white and light-colored parts that combine beauty with top-notch 
performance. Low in cost, it out-performs and out-lasts all other rubbers formerly 
used, and may well be able to cut costs and improve performance in your product. 
For further information, and for expert technical assistance, contact the 
Enjay Company. 


Pioneer in Petrochemicals 


Ensay) ENJAY COMPANY, INC., 15 West Sist Street, New York 19, N. Y. 


Akron « Boston « Chicago « Los Angeles » New Orleans + Tulsa 


BUTYL 


Enjay Buty! is the greatest rubber value 
in the world... the super-durable rubber 
with outstanding resistance to aging « 
abrasion « tear « chipping « cracking 
ozone and corona « chemicals « gases 
heat « cold « sunlight « moisture. 
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WCLON - CYCLON - CYCLON - CYCLON : CYCLON - CY 
WN - CYCLON - CYCLON - CYCLON : CYCLON - CYCLO 
BYCLON - CYCLON - CYCLyW - CYCLON - CYCLON - ¢ 

CLON - CYCLON - CYCLO 
= CYCLON - CYCLON - C 
















YCLON - CYCLIX. KY \PION - CYCLON - C. 
ON: CYCLON ON \VCLON - COLL 
YCLON - CYCLON “QON - CYCLON - CYCLON - CM 
OW - CYCLON - CViLggpulitiltaitas LON CYCLE 


YCLON CVG Announcing the new LON - C. 
ON: CYC MM ALMLILENAN Cc MCL 
lira esi A 
ON - CYCLO, material composition CYL 
PYCLON CYCLO “CYCLON - C 
ON: CYCLON : CYCLON : CYCLON - CYCLON « CYCLE 


DETROIT ALUMINUM & BRASS CORPORATION 
DETROIT 11, MICHIGAN 


MANUFACTURERS OF ORIGINAL EQUIPMENT SINCE 1925 





The new CYCLON BEARING was developed to bridge the wide 
separation between babbitt and heavy duty copper-lead from 
the standpoint of fatigue resistance and crankshaft wear. The 
price advantage over heavy duty copper-lead is considerable. 


The research and engineering staff at Detroit Aluminum and 
Brass Corporation have successfully completed performance and 
endurance tests —the equivalent of over 2-million miles. Results 
show that CYCLON is as important a contribution to bearing 
design as the thin babbitt bearing which also was created and 
developed by Detroit Aluminum and Brass engineers. 


The new “CYCLON” is now available for original equipment 
use and engine manufacturers are invited to determine the 
superior qualities of the CYCLON through their own testing 
procedures. 


DETROIT ALUMINUM 


net Pe ee 





| 
see next page for 


salient features of the 


CYCLON engine bearing 





SALIENT FEATURES AND CHARACTERISTICS 
OF THE NEW CYCLON BEARING 


High load carrying capacity. 

Excellent embedability characteristics. 
Extremely good conformability. 

Low scoring tendencies. 

High corrosion resistance. 

Bronze matrix structure. 

Superior thermal conductivity. 

High fatigue resistance. 

No hardening of crankshaft necessary. 
No overplate required. 


Low cost advantages. 


The micro structure of the 
new CYCLON ENGINE 
BEARING is of such a na- 
ture that high embeda- 
bility is obtained without 
sacrificing load carrying 
qualities. 


Endurance tests equivalent 
to over 2-million miles at 
wide open throttle indicate 
in every instance that the 
CYCLON bearing is fully 
capable of meeting ex- 
treme operating conditions 
without fatigue failures and 
without showing appreci- 
able crankshaft or bearing 
wear. 


DETROIT ALUMINUM & BRASS CORPORATION 
DETROIT 11, MICHIGAN 


MANUFACTURERS OF ORIGINAL°>EQUIPMENT SINCE 1925 





SEST 


O. Bee. eet WAYS! 


And when there’s another way to form 
synthetic rubber, you can be sure it 
will be available from Acadia! 


Right now Acadia is precisely meeting 
all manner of rubber specifications. Very 
often Acadia helps users to find a better, 
less costly way. 

For in addition to the complete’choice of 
shape, size or method, Acadia offers its wide 
experience in developing special rubber 
properties. Here you get exactly the char- 
acteristics you want — strength, compression- 
deflection, resistance to oil, age or what have 
you. Here, too, is the remarkable Acadia 
SILICONE rubber that stays resilient at 

5 100° below zero, or 500° above. It’s available 

A molded or extruded for gaskets, seals, 

EXTRUDED “O” rings, washers, sheets, cut-parts and 
packings. 

Would you like further information 
about Acadia synthetics for your product? 
A letter or postcard will bring an Acadia 
representative at your convenience. 


ek OF WESTERN FELT WORKS 
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* 
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FLUTTER DAMPERS 


_ by HOUDAILLE 


-> 


... performance 
proved for every 


control surface 


application 


When flutter first became a problem on 
high-speed, high performance aircraft, 
Houdaille launched an intensive research 
program to develop high frequency flutter 
damping devices. ‘Today Houdaille offers 
a wide range of designs in both rotary and 
linear types, to meet any control surface 
application any envelope requirements 


Houdaille Flutter Dampers are com- 
pletely self-contained, precision-built hy- 
draulic mechanisms—specified by leading § 
airframe manufacturers for their depend- 
ability and performance. Normally supplied 
with MIL-O-5606 fluid, available at all 
operational bases, they may be furnished 
with the new high-temperature fluids when 
specified. A thermostatic valve assures uni- 
form damping characteristics over a temp- 
erature range of —65° to 300°F and above 


CONTINUOUS TESTING and rigid quality con- 
trols are standard procedure at Houdaille. Pro- 
duction dampers must undergo exhaustive tests 
for several days on equipment such as this, to make 
certain each unit meets all phases of the customer’s 
specifications. 


WRITE FOR TECHNICAL BULLETIN giving 


complete performance and operational data. 
For engineering assistance on flutter damping ap- 
plications at the aircraft design stage, contact 
Buffalo Hydraulics Division, Dept. SAE. 


HOUDAILLE INDUSTRIES, INC. 


BUFFALO HYDRAULICS DIVISION 
537 East Delavan Avenue e Buffalo ll, N. Y. 


@ Several individual 
engineering oppor- 
tunities are available 
in complete product 
creation. Interviews 


are invited. 


Pioneers in developing aircraft vibration-control devices 
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Fuller R-1150 semi-automatic 
ROADRANGER Transmission. 


~* a 


The new Wooldridge “Cobrahaul” Rear Dump Unit with Fuller 9-speed R-1150 ROADRANGER Transmission. 


FULLER R-1150 ROADRANGER’ Transmission 


standard on new Wooldridge “‘Cobras’’! 


The Fuller 9-speed R-1150 Roap- 
RANGER Transmission is standard 
equipment in the new Wooldridge 
35-ton, 275 hp diesel “Cobrahaul” 
Dumper and 26-yard 300 hp diesel 
“Cobra Quad” Scraper. Haul speeds 
exceed 32 miles an hour on the big 
63,400 Ib. unit. 

Throughout the complete Wool- 
dridge line. . . from the giant 41-yard 
scrapers down to and including the 
7.5-to-10-yard “Cobrette,” Fuller 
Transmissions are standard on Wool- 
dridge Scrapers and hauling units. 

Why? Only the most rugged, de- 
pendable transmissions can take the 
terrific shock loads—sudden starts— 


stops—torque reversals found in all 
kinds of off-highway operations 
from solid rock hauling to soggy 
swamp jobs. 

Fuller Transmissions provide maxi- 
mum ease of shifting ratios for faster 
acceleration and long life required for 
these operating conditions. 

In Wooldridge’s ““Cobrahaul” and 
“Cobra Quad,” the Fuller R-1150 
RoADRANGER Transmission offers 
these additional advantages: 
® No gear splitting—9 selective gear 

ratios evenly and progressively 

spaced 
© Easier, quicker shifts—38% steps 
between ratios 


jualin 


where horsepower, goes to work 


FULLER MANUFACTURING 


COMPANY 


® One shift lever controls 9 forward 
and 1 reverse speeds 
© Engines work in peak hp range 
with greater fuel economy 
® Less driver fatigue— less shifting 
® Range shifts pre-selected—auto- 
matic and synchronized 
From over 110 models available for 
rubber-tired equipment, there’s a 
Fuller Transmission designed to do 
your job. 


Transmission Division), KALAMAZOO, MICHIGAN 


Unit Drop Forge Div., Milwavkee 1, Wis. © Shuler Axle Co., Louisville, Ky. (Subsidiary) * Sales & Service, All Products, West. Dist. Branch, Oakland 6, Cal. and Southwest Dist. Office, Tulse 3, Okle. 
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NOW—improved production through faster and 
better bonding with R/M Ray-BOND’ Adhesives 


hia 


Natural rubber to clutch pedal 


FOR 


Etched “Teflon’’* to steel 


THESE AND COUNTLESS OTHER APPLICATIONS 


Rubber seals to stainless steel screens 


new R/M Ray-BOND ADHESIVES can BE TaiLoRED TO YOUR NEEDS 


Whether or not bonding, laminating, sealing 
or coating are now factors in your operations, 
the new specialized line of R/M Ray-BOND 
adhesives, protective coatings, and sealers 
may have important advantages for you. 
Shown above are a few of thousands of appli- 
cations where use of modern bonding tech- 
niques can simplify and improve product 
design and eliminate troublesome fastening 
problems. 


*A Du Pont trademark 


R/M initiated the production of bonded as- 
semblies more than 20 years ago. Over the 
years we have acquired a wealth of experi- 
ence that can help you cut costs and simplify 
operations in innumerable bonding applica- 
tions. Call on our engineers to work with you 
in developing adhesives, protective coatings, 
and sealers to meet your specific require- 
ments. Adhesives Department, RAYBESTOS- 
MANHATTAN, INnc., Bridgeport, Conn. 


M 


Send for free copy of R/M Bulletin 
No. 650A, containing engineering 
information on Ray-BOND ad 
hesives, protective coatings, and 
seolers. 


RAYBESTOS-MANHATTAN, INC. 


ADHESIVES DEPARTMENT: Bridgeport, Conn. + Chicago31 + ODetroit2 «+ Cleveland16 «+ Los Angeles 58 


FACTORIES: Bridgeport, Conn 


Manheim, Pa 
Raybestos- Manhattan (Canada) Limited, Peterborough, Ontario, Canada 


Passaic, N.J.; No. Charleston, S.C.; Crawfordsville, Ind.; Neenah, Wis. ; 


RAYBESTOS-MANHATTAN, INC., Industrial Adhesives » Brake Linings « Brake Blocks « Clutch Facings « Industrial Rubber « Engineered Plastics * Sintered Metal Products 
Rubber Covered Equipment « Asbestos Textiles « Laundry Pads and Covers « Packings « Abrasive and Diamond Wheels « Bowling Balls 
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Ask about ! 


TO BETTER WIRING 


for every automotive 
application 


Wherever there’s a wire in a car 
there’s an A-MP Terminal to 


connect it. 


Top electrical and mechanical per- 


terminals formance. 


Accepted by leading auto and 
truck manufacturers. 


Patented pressure-crimp  elimi- 
nates all soldering and welding. 


A-MP Automachines crimp up to 
4000 perfect, uniform terminations 
per hour with unskilled labor. 


A-MP Sales Engineers’ electrical 
terminal knowledge in the auto 
industry will be valuable in solving 
your most difficult wiring problems. 


AMP INCORPORATED 
General Office: 2754 Eisenhower Boulevard, Harrisburg, 


Wholly Owned Subsidiaries: Aircraft-Marine Products of 
Canada Ltd., Toronto, Canada -« Aijrcraft-Marine 
Products (Great Britain) Ltd., London, England ¢« 
Societe AMP de France, Le Pre St. Gervais, 

Seine, France ¢ AMP—Holland N.V. ’s-Her- 

togenbosch, Holland 

Distributor in Japan: Oriental Terminal 

Products Co., Ltd., Tokyo, Japan 
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bright idea 


For enduring beauty that sells in a new car and 
re-sells in a used car. . . design it, improve it and protect it 


with McLOUTH STAINLESS STEEL. 


specify 


Mc LouTH STAINLESS STEEL 


Ss Oe. QU AL @eae® > ae F A N D > 2 € 


for automobiles 


¥ McLouty Stree. Corporation perroit. MICHIGAN 
® MANUFACTURERS OF STAINLESS AND CARBON STEELS 
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AUTOMOTIVE V-BELTS 


Quiet smooth Unerring electronic controls; new methods of curing; 
see ses 


the facilities of the largest and most modern plant 
° . devoted exclusively to the manufacture of endless 
vibration at the transmission belts—these are the factors that bring 
to the automotive industry the one V-belt that 


vanishing point erases vibration to the vanishing point. 


The U. S. V-Belt contributes greatly to the silent 
and efficient operation of fan, generator, water pump, 
power steering and air conditioning . . . all part 

=~ yf and parcel of today’s finest automobiles. 

Oj — 
Contact Automotive Sales, Mechanical Goods Division, 

New Center Building, Detroit 2, Michigan. 

Phone: TRinity 4-3500. 

Mechanical Goods Division 
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AUKESHA 


ES and POWER UNITS—1O hp.-1135 hp. 


Normal and Turbocharged Diesels, Gasoline, Natural Gas, LPG -:: 
Standard or aaaeee Crankshafts 


Model VLRDBS 


ay 
5 


700 KW Enginator 


vow ons |_ Str ent [Come Si 


NORMAL DIESEL ENGINES 


3Yax3% 180-DLC | 45 @ 2400 Marine LRDB ren 
3%4x3% | 185-DLC | 60 @ 2400 

3%x4 |190-DiC | 84@ 2400 190-DLCA i Model WAKDBS 
4 x4 |195-DLC | 96@2400 | 195-DiCA 

AVax5 ; 140@2400 | 135-DKB a Model 135 DKBS 
5Vax6 . 169@1600 | 148-DKB ‘ 

6%axb'r 220@1500 | WAKDB 

7 «8% NKDB 

82x81 LRDB 

82x84 VLRDB 


TURBOCHARGED DIESEL ENGINES 


4x5 

5x6 

6%xb6'”r WAKDBS 

7 x8% NKDBS 

BYrx8'A LROBS 
Yax8Vr VLRDBS 


2x3” 18@ Model 145-GKB 


3x4 34 @ 

3ax3% 

3¥%ex4\r 

3Yax3% 

3%ax4 

4 x4 

4Vex4 

4Vax4V% 128 @ 

4“%ax5 - 134@ 135-GKB 
4¥%ex5 - 143 @ 135-GZB 
4x5 - 160 @ 2250 (F) | 140-GKB 
4%x5\r - 168 @ 2250 (F) | 140-GZB 
5x6 : 216 @ 2000 (F) | 145-GKB 
5¥exd 145-GZB 
6%xb6r WAKB (A) | 280 @ 


6%xb6'r 300 @ 1800 
7 x8% 325 @ 1200 
82x82 465 @ 1200 
9%x8r 594 @ 1200 
8” x8 900 @ 1200 


* Features: 4 6, 12-Number Cylinders, A-Aluminum Pistons, D-Dry Sleeves, I-lron 
Pistons, L-l-head, N-No Sleeves, O-Overhead Valves, W-Wet Sleeves. 
** Also, with iron pistons for low speed service. (F)-Rated higher for fire service. 
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How Holley Teams 


Carburetor — Governor — Distributor 
For a New Kind of 


Power Control System 


The Holley “team” of carburetor, governor, and the new rotovance 
distributor provides positive engine control under all load and operating 
conditions. Engineered and designed as a power control system, each 
unit is coordinated with the other so that all conditions of speed and 
load are measured throughout the entire operating range. The result: 
better economy, more power, and better engine regulation from cut-off 
to load point than with non-coordinated units. 


This new Holley “team” is only one of the many engineering advances 
Holley has contributed to the automotive and truck industries. And it’s 
one example of the many reasons why more and more car and truck 
manufacturers are “looking to Holley” for power control systems. 


HOW IT WORKS: The distributor centrifugal spark advance, determined by weights (1) is supple- 
mented for part throttle operation by vacuum measured at the carburetor throttle body (2) and connected 
to the spark advance diaphragm through inlet (2A). Vacuum for operating the governor diaphragm (3) 
is obtained from the carburetor at (4) and connected to the centrifugal control valve (5) through (4A). 
Clean air, drawn from the carburetor air horn (6) is taken into the distributor at (6A). Governing is ac- 
complished when engine speed causes the valve to close, which shuts off the air bleed and permits the 
vacuum from port (4) to develop a throttle closing force on the diaphragm. 





CARBURETOR AND GOVERNOR 


1, CLEAN AIR 
INLET 


2. SPARK 
ADVANCE 
VACUUM 


3. GOVERNOR 
VACUUM 


NEW ROTOVANCE DISTRIBUTOR 


ROTOVANCE 
DISTRIBUTOR 


FOR MORE THAN HALF-A-CENTURY—ORIGINAL EQUIP- 
MENT MANUFACTURERS FOR THE AUTOMOTIVE INDUSTRY 


E. NINE MILE ROAD, VAN DYKE, MICHIGAN 





Mies ]A aon) ete 
NEV Casi le ane 
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DELCO-REMY ANNOUNCES NEW 
WATERPROOF STANDARD REGULATORS 
WITH IMPROVED PERFORMANCE 


Better electrical performance and greater dependability in any weather 
are important user benefits found in Delco-Remy’s new waterproof 
standard generator regulators, now available for general replacement use. 


And here are the features that make them the right regulators for 
millions of Delco-Remy equipped cars and trucks. 


New overhanging one-piece formed-steel cover and mating base 
shed road splash . . . convenient attaching screws are outside the 
enclosed area. Molded soft rubber gasket seals out harmful oil 


and water vapors. 


Integral sleeves of molded nylon insulator form permanent seal 
around rivets—assure watertight base. 


New, longer, more flexible armature contact spring on voltage 
regulator unit assures more positive closing of contact points for 
smoother operation. 


Welded electrical connections, and highest quality tungsten and 
non-tarnishing precious metal contact points, assure minimum 
resistance, maximum durability. 


Special fine thread screw-type controls allow easy, highly accurate 
adjustment of all three units. 


Always replace with Delco-Remy waterproof regulators when you 
service Delco-Remy equipped cars and trucks. These improved regu- 
lators are available from your car or truck dealer or the United 
Motors System. 


DELCO-REMY 


GM 
GENERAL 
MOTORS 


e DIVISION OF GENERAL MOTORS «© ANDERSON, 


INDIANA 


GENERAL MOTORS LEADS THE WAY—STARTING WITH 


: ' 


ELEGTRIGAL. SYSTEMS 


4 
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we'd save over $88,000!” 


‘‘Here’s where we can save some money, Charlie 
...0n wrist pin bushings. We can buy bronze or 
aluminum for about the same price per pound. 
But we get three times as many bushings out of 
a pound of aluminum. It figures out to a savings 
of over 2¢ per bushing. On an 8-cylinder car, we 
save about 1734¢. If we have a half-million car 
year, that’s $88,750. Not bad!” 

Wrist pin bushings of Alcoa® Aluminum are 
the key to important savings. To mean some- 
thing, these savings have to be achieved at no 
sacrifice in performance. Modern engines must 
be capable of turning over much faster to meet 
advertised horsepower ratings. It has been esti- 
mated that the pressure on the wrist pin bush- 
ings can be as high as 8,000 to 10,000 psi. 

Can aluminum take this pounding and hold 
up? You bet! No other bushing material is in 
the same league with aluminum for load-carrying 
capacity. Aluminum bearings are first choice for 
the really heavy-duty services such as diesel 
engines. They last 20,000 hours and more in 
this tough service. 


Nordberg Manufacturing Company now uses 
aluminum wrist pin bushings in one of their 
diesel engines. Performance on all counts has 
been superb. 

Aluminum is an ideal wrist pin bushing 
material. It runs cool because of its excellent 


thermal conductivity. There’s little likelihood 
of seizure with aluminum bushings. It is a very 
ductile metal and conforms easily to misalign- 
ment or nonparallelism. 

There’s no corrosion problem with aluminum 
bushings. Additives in oil can’t hurt it. No pro- 
tective coating is necessary. Aluminum is an 
easy material to fabricate. All operations 
may be performed with readily available, 
standard tools. 


As part of the development program, Alcoa 
engineers ran actual tests on aluminum wrist 
pin bushings installed in engines. In one test, a 
1955 engine was equipped with aluminum bush- 
ings and run on a dynamometer on a breakdown 
schedule. Performance was excellent. Wear 
rates were equal or superior to those obtained 
with other materials. 

If you haven’t already begun an investigation 
of this important means of saving cost at no 
sacrifice in performance, we suggest that you do 
so. Alcoa stands ready to offer full assistance to 
manufacturers who want to take advantage of 
aluminum’s many excellent qualities. Our De- 
velopment Division will work with you on the 
goals you’ve set for your new models. Aluminum 
Company of America, 1844-E Alcoa Building, 
Pittsburgh 19, Pennsylvania. 


aLcoaY ALUMINUM gives every 1957 car more GLEAM AND GO 
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“Rhino” meets rugged demands of line maintenance 
work. Driving front axle and other vital parts made 
from nickel alloy steels. The “RHINO” is produced 
by The Four Wheel Drive Auto Co., Clintonville, Wise. 


How ready-made steels 


boost ratings 


9500 PoUNDs... that’s the rating 
of the live front axle on this FWD 
“Rhino.” Stronger than the usual 
truck axle by 50%, it safely takes 
stress and strain from front- 
mounted derrick and digger. 


Built to handle work far be- 
yond the scope of a conventional 
truck, FWD vehicles need extra 
stamina, obviously. And to ob- 
tain it, FWD’s engineers specify 
standard grades of nickel alloy 
steels. Grades that show how you, 
too, may boost ratings. 


For example, nickel-chromium- 
molybdenum axle shafts of 4337 
and main transmission shafts of 
4340 withstand shocks, fatigue 
and multiaxial stresses. Further- 
more, these steels readily respond 
to fabrication and heat treatment. 


Carburizing grades... 4820 or 
4620 for transmission gears, and 
4620 or 8720 for transfer case 
gears... provide the combination 
of strength and toughness that 
means hard, wear-resistant sur- 
faces supported by strong, tough, 
shock-resistant cores. 


For extremely high toughness 
and strength in differential ring 
gears and pinions, FWD speci- 
fies Krupp 4% nickel 114% chro- 
mium steel. 


Whatever your product, when 
you face questions about metal 
let us give you the benefit of our 
wide practical experience. Write 
for List A of available publica- 
tions. It includes a simple form 
that makes it easy for you to out- 
line your problem. 


Driving safety boosted in new pumper 
series. Steering made easier, cornering 
improved. FWD toughens components 
by making them of nickel alloy steels. 


Power to spare in roughest kind of 
going. FWD road maintenance trucks 
utilize nickel alloy steel parts for essen- 
tial stamina as well as wear-resistance. 


One-man cab unit allows 10% more 
cargo space. Thanks to weight-saving 
rear axles and scientific weight distri- 
bution. Strength gained by using nickel 
alloy steels permits the extra payload. 


67 Wall Street 


ined, THE INTERNATIONAL NICKEL COMPANY, INC. new vorws. nv. 
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ACTUATION PROBLEM too tough for ordinary devices? 


SAGINAW CAN HELP YOU SOLVE IT! 


Saginaw b/b Screws 


guaranteed 90% efficient 


—offer 6 major ad- 
vantages for designers 


Available in custom machined and commercial 
rolled thread types — have been built from 12 
inches to 3914 feet long—% to 10 inches diameter. 


_ — 


>} 


>= 


eso? 


iT? 


Nut glides on steel balls. Like stripes on 
c@ barber pole, the balls travel toward 
end of nut through spiral “tunnel” 
formed by concave threads in both 
screw and mating nvt. 


VITAL POWER SAVINGS. With 

gvoranteed efficiency of 90%, Sag- 
Inow b/b Screws core up to 5 times os 
efficient as Acme screws, require only 
as much torque. This permits much smaller 
motors with for less drain on the electrical 
system. Circuitry is greatly simplified. 


2 SPACE/WEIGHT REDUCTION. Sog- 
inaw b/b Screws permit use of smaller 
motors and geor boxes; eliminate pumps, 
eccumulators and piping required by hy- 
draulics. In addition, Saginaw b/b Screws 
themselves cre smaller and lighter. Units 
hove been engineered from 1 in. to 
39 ft. in length. 


PRECISE POSITIONING. Mochine- 
J ground Saginow b/b Screws offer o 
grect advontage over hydraulics or pnev- 
matics because a component can be posi- 
tioned at o predetermined point with 
precision. Tolerances on position are heid 
within .0006 in./ft. of trovel, 


At end of trip, one or more tubular 
guides lead balis diagonally back 
across outside of nut to starting point, 
forming closed circuit through which 
balls recirculate. 


4 TEMPERATURE TOLERANCE. Nor- 
mal operating range is from —75° to 
+275° F., but assemblies hove been de- 
signed in selected materials which function 
efficiently as high as +900° F. These units 
cre practical where hydraulic fluids have 
lost efficiency or reached their flosh point. 


LUBRICATION LATITUDE. Even if 

lubrication foils or cannot originally 
be provided because of extreme tempera- 
tures or other problems, Saginaw b/b 
Screws will still operate with remarkable 
efficiency. Saginaw units have been de- 
signed, built and qualified for operction 
without any lubrication. 


FAIL-SAFE PERFORMANCE. For less 

vulnerable than hydraulics. In addi- 
tion, Seginaw offers three significant od- 
vantages over other makes: (1) Gothic 
erch grooves eliminate dirt sensitivity, in- 
crease ball life; (2) yoke deflectors and 
(3) multiple circuits provide added assur- 
once against operating failure. 


SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS 
WORLD’S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES 
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YOUR FREE COPY OF THIS 
NEW b/b SCREW AND SPLINE 
“PROBLEM SOLVER’ SHOWS HOW 


36 pages crammed with time-, work-, and money- 
saving facts: Principles ¢ Types ¢« Basic Operations « 
Coupling Methods e¢ Efficiency « Advantages 
Selection Factors « Design Data « Sample Problems 


SAGINAW 
b/b SPLINE 


@ Averages 40 times 
lower coefficient of 
ordi- 


friction than 


nary sliding splines! 


Utilizing the same basic gliding ball principle, Saginaw has 
developed the Saginaw b/b Spline which radically increases 
the efficiency of transmitting or restraining high torque loads. 


It can be fitted with integral gears, clutch dogs, bearing and 
sprocket seats, etc. Units have been built from 3 inches to 
10 feet long—*%% to 6 inches in diameter. 


SEND TODAY FOR THIS FREE 1957 f 
ENGINEERING DATA BOOK... 


or see our section in Sweet's Product Design File 
A 


Saginaw Steering Gear Division 
General Motors Corporation 

b/b Screw and Spline Operation 
Dept. 7E, Saginaw, Michigan 


Please send new engineering data book on Saginaw b/b Screws and 
Splines to: 


NAME _ 
COMPANY 
ADDRESS 


CITY 





not one 
of these 8 


technical 


Frank J. Billovits, B.S. 
Chemistry, Micro- 
analytical determinations 


Robert L. Smail, B.S. 
Physics. Thermodynamics 
instrumentation, testing 


H. H. Stewart, Jr. 
B.S. Civil Engineering 
Quality control 


James Aitken, B.S. 
Mechanical Engineering 
Procedures & specificatons 


men at RMI 
started 
iting 
in Rocketry! 


Frank Pisciotta, DR 
Industrial Engineering 
Asst. Project Engineer 


Walter M. Bogert, Jr., B.S. 
Electrical Engineering 
Asst. Project Engineer 


Philip L. Barbaccia, B.S. 
Chemical Engineering 
Processes, instrumentation 


N. H. Boroson, B.S. 
Aeronautical Engineering 
Asst. Project Engineer 


Let these 8 men who switched to Reaction Motors 
help you score Your Success Potential in Rocketry 


RMI Task Force Has Prepared A Technical Test You Can Take At Home 


professional men with varied experience to 
meet the current great expansion in rocket 
development projects here. 


Many engineers and scientists today are turning 
interested eyes toward the expanding field of Rock- 
etry, aware that this young giant among American 
industries offers unsurpassed opportunities for the 
future. 


. We want to reduce to the absolute minimum 
the possibility of your making the wrong ca- 
reer decision. We believe that every man who 
enters a field should have reasonable assur- 
ance of staying with the field and achieving 
outstanding success. 


Naturally, they are wondering whether their back- 
grounds fit them for this demanding field. 

Now Reaction Motors — in cooperation with profes- 
sional men who have made the transition from 
other fields successfully —has devised a way for 
you to determine in advance your likelihood for suc- 
cess in Rocketry. They have prepared a purely tech- 
nical test which you can not only take at home, but 
evaluate for yourself. A sealed envelope containing 
the correct answers comes with the Question Sheets. 


Here is your opportunity to discover —quickly and 
easily — whether Rocketry, with its literally un- 
limited objectives, is for you. 


Note: There is one Question Sheet for Mechanical 
Engineers, another for Aerodynamicists, a third 
for Chemical Engineers, etc. So please check your 
field in the coupon below, to ensure receiving the 
Test that applies most directly to you. 


Reaction Motors has two reasons for offering you this 
unusual service: 


1.We need more highly skilled, very creative 


FILL OUT AND MAIL THIS COUPON FOR RMI'S SELF-EVALUATING 
TECHNICAL TEST OF ROCKET ENGINEERING POTENTIAL 


REACTION MOTORS, INC. 


75 FORD ROAD DENVILLE, N. J. 
ATT:8 Man Task Force 


Please check your field. 
() Mechanical Engineering 


Please send me your Self-Evaluating TECHNICAL 
TEST for Success Potential in Rocketry 
[) Elect. Engineering 


Uy Name___ eat ie ; alt ; 
] Chemical Engineering 
Uy Address_ : * [] Civil Engineering 
es [) Aeronautical Engineering 
C) Industrial Engineering 
C] Physics 


REACTION MOTORS, INC. 5 Chemistry 


“W here today’s pioneers cross tomorrow’s frontiers” 5 


Take this test yourself 
in the privacy of your home. 
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ideal for Highway Hauling- 


CLARK sterpMartric Transmission 


Here’s happy and profitable news for all 
operators whose truck equipment takes punish- 
ment—Clark’s st—EPMatic Transmission. This 
transmission has proved particularly ideal for 
long-haul, high-speed operations. 

e Ten speeds—splitting ratios in between the 
normal 5-speed transmission ratios—giving 

28% steps to fit every hauling need. 


shift for the splitting ratios 
e Full control of gear-shifting at all times. 


e Spares engine—the right ratio for every grade 
prevents engine lugging—decreases hauling 
time and fuel consumption. 


e Increases transmission life—reduces shock 
loads. Less downtime for repairs. 


By all means write for full information 
on this highway-proved achievement of Clark 
engineering. 


TRANSMISSION DIVISION 


Ss CLARK EQUIPMENT COMPANY 


Falahee Road e Jackson 5 Michigan 


SAE JOURNAL, MAY, 1957 





et end > 


clutch 


Frictional heat has little effect on the new 
Lipe Direct Pressure Clutch. Air circulating 
through the cover’s 33 ventilating holes dis- 
sipates heat rapidly. The result is a heavy-duty 
clutch singularly free of burned facings and 
warped pressure plates. A clutch whose low 
maintenance cost matches its low first cost. 


For the name of your nearest Authorized Lipe Lipe Direct Pressure Clutches now avail- 


Distributor, look under “Clutches” in your able: 13”, 14”, 15” single-plate, 14” and 15° 
. ; two-plate. Send for complete information. 
telephone directory. Or, write us. 


* 
Manvfacturors of Automotive Clutches & Machine Teols ‘a 4 - Ea 1 a a Ww a] cs 


wee > i ae a ee el ta 
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ROBERT L. EARLE, EXECUTIVE VICE PRESIDENT, is second in command 
of the Marquardt engineering-production team. He is shown at Marquardt’s 
new production plant now under construction at Ogden, Utah. 


Freedom to pioneer — freedom to grow... these 
are the challenges and new engineering opportuni- 
ties at Marquardt Aircraft. 


Through these freedoms, Marquardt stands 
established as the leader in ramjets, “powerplant 
of the future.” 


Through these freedoms, Marquardt leads the way 
into advanced engineering projects. 


These freedoms — pioneering and growth — are as 
individual as each professional engineer, as col- 
lective as the entire Marquardt team. Through 
them, Marquardt now offers new and unlimited 
opportunity for professional engineers in two of 
the West’s most stimulating areas. At Ogden, 
Utah, in the heart of the Wasatch Mountain 
vacation area, Marquardt is now constructing a 
multi-million dollar production plant to produce 


supersonic powerplants for the Boeing Bomarc 
interceptor missile. And in Southern California’s 
San Fernando Valley, Marquardt professional 
engineers are involved in a major expansion pro- 
gram for design, development, and test of new 
ramjet engines and turbojet and ramjet controls. 


lf you are a professional engineer interested in 
the freedom to pioneer — the freedom to grow — 
for yourself and your company, we invite you to 
investigate the opportunities at Marquardt Air- 
craft, today. Please contact Jim Dale, Professional 
Personnel, 16551 Saticoy Street, Van Nuys, Calif. 


VAN NUYS, CALIFORNIA ears UTAH 


FIRST IN RAMJETS 





YOUR CAR’S “FOUL WEATHER FRIEND!” 


What did winter weather do to your car? If the 
“brightwork” isn’t stainless steel, chances are it 
took its toll in pitting and dents from salted and 
cindered roads — and corrosion from heavy winter 
moisture. 

Stainless steel is the ounce of prevention — and 
the pound of beauty — that eliminates all this. For 
nothing stands up to bad weather like stainless. In 
foul weather or fair, it’s the metal that comes up 
bright and shining with mere soap-and-water 
washing. Road chemicals don’t change its solid, 
gleaming characteristics. It even resists denting. 


(eee 


420 Lexington Avenue, New York 17, N. Y. 


That’s why stainless means so much more than 
showroom beauty. Car buyers know that stainless 
steel — in trim and in critical parts — stays useful 
and attractive for the life of the car. Stainless keeps 
re-sale values up, too. 

Investigate the benefits and economies of stainless 
steel in automotive uses. You'll learn that the finest 
stainless steels are made with Vancoram Ferro 
Alloys. Your steel supplier can give you valuable 
facts about how enduring stainless steel can mean 
added value and beauty in the automobiles you 
make — and use. 


VANADIUM CORPORATION OF AMERICA 


* Chicago * Cleveland * Detroit * Pittsburgh 


Producers of alloys, metals and chemicals 
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SMALL JET ENGINES... 
CHAMPION WEIGHT LIFTERS 


SMALL 
TURBOJETS 


COMPARISON OF LIFTING CAPACITY OF POWER SYSTEMS 


How the new family of Fairchild Small Jet Engines 
compare with other mechanical lifting systems. 


CONVENTIONAL 
PISTON-PROP 
ENGINE 


An entirely new family of aircraft will evolve from a new family of small light- 
weight jet engines now under development at the Fairchild Engine Division. 
These new powerplants will feature incredibly high thrusts and great lifting 
power... yet will be so light they can easily be carried by two men. 


Highly compact, with low frontal areas, the small jet engines will deliver 
thrust/weight ratios starting at 8 to 1 with a long range potential of more 
than 10 to 1. They will be used in the high performance, lightweight trainers, 
interceptors, target drones, pilotless aircraft including missiles and inter- 
mediate class passenger and cargo jets of the nineteen sixties. They will also 
be used to power fighters and utility cargo craft, executive aircraft . . . and will 
make jet Short Take Off and Landing (STOL) and Vertical Take Off and 
Landing (VTOL) aircraft practical. 


The small jet engine may be used singly, in pairs and in clusters. It provides 
multi-engine reliability in aircraft of a size now wholly dependent on a single 
engine. The small jet engine will produce greater versatility and utility in air- 
planes of tomorrow. 
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TURBOROTOR 
ENGINE 
ASSY 
(HELICOPTER) 


CONVENTIONAL 


The extensive research facilities at Fairchild Engine 
Division have been designed solely to test perform- 
ance of the small jet engine. They range from ful! 
scale, high altitude test chambers to supersonic re- 
search for component design. Fairchild Engine Di- 
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vision has spent a decade in the design, develop- 


ment and production of small, powerful jet engines. 


awe 
FAIRCHILD 
ENGINE DIVISION 


DEER PARK, LONG ISLAND, H.Y 


A DIVISION OF FAIRCHILD ENGINE AND AIRPLANE CORPORATION 


+++WHERE THE FUTURE IS MEASURED IN LIGHT-YEARS! 
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WHY DOUGLAS ENGINEERS AND SCIENTISTS GO FURTHER... 


At DOUGLAS, your career in missiles 


is backed by sixteen years of experience 


and an ever-expanding future 


The finest talents and facilities in the in- 
dustry have earned an outstanding position 
for Douglas in the national missile program. 


You will become part of a team that has contrib- 
uted more to the research, design, development 
and production of missiles than any other group 
in the nation. 

You will work on projects that challenge the 
imagination... that stretch out far into the future 
... thatlet you plan a secure and rewarding career 
with Douglas. Many of these projects have their 
roots in the mid-forties and are still growing. 

Close coordination of missile and aircraft work 
provides an interchange of experience and knowl- 
edge among Douglas engineers and scientists. All 
plants are engaged in some phase of this missile 
program...making possible a broad choice of 
locations where you can work and establish living 
conditions suited to your taste. 


~_ 


For complete information, write: 
E. C. KALIHER, 
MISSILES ENGINEERING PERSONNEL MANAGER, 
DOUGLAS AIRCRAFT COMPANY, BOX 620-y, 
SANTA MONICA, CALIFORNIA 


THIS |S NIKE HERCULES, 
a surface-to-air missile 

newly developed out of the 
original Nike system 

started in 1945 a major 
project in the Douglas 


missile program 
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WITH OVER 400 PRODUCTS OF THE HIGHEST QUALITY 


MATERIAL HANDLING 


Electrical equipment « Traction motors 
Lift motors « Wire and cable 
Dashboard instruments 
Spark plugs « Batteries « Horns 
Name plates « Molded plastics 


GOVERNMENT 
Spark plugs « Batteries 
Electrical equipment + Special products 
Wire and cable 


INDUSTRIAL ENGINES 


Electrical equipment « Spark plugs 
Batteries « Wire « Instruments 
Name plates + Die castings 


ELECTRONICS 


Wire + Die castings 
Name plates » Molded plastics 


ee 640600208469 ¢ 622.8 61S BO oe#eeweweeeeeeeeeaneee eeoeeoenev@a1eeeneeeeede @ eee eeeeeveeeeeee eee 


FARM EQUIPMENT 
Electrical equipment 
Batteries « Spark plugs 
Wire and cable « Instruments 
Name plates + Molded plastics 


AVIATION 
Wire and cable + Instruments 
Batteries « Spark plugs 
Name plates « Die castings 


ELECTRICAL APPLIANCES 


Wire + Die castings « Name plates 
Molded plastics « Instruments 


AUTOMOTIVE REPLACEMENT 
Service Parts for 
Auto-Lite-equipped vehicles 
Spark plugs « Batteries + Wire and cable 


oe eee wewaeeeeeevee eee eeeee eee eeeeeeeeeeeeee eee ee 


From twenty-nine plants in twenty- 
three communities throughout the 


United States and Canada, Auto-Lite 
MARINE 
Electrical equipment for inboard motors 
Electrical starting motors 
and equipment for outboard motors 
Batteries + Wire and cable 
Spark plugs + Horns + Name plates 
Molded plastics +» Die castings 


AUTOMOBILES AND TRUCKS 
7 . Automotive electrical equipment 
products of the highest quality.  —_ Bumpers and grilles + Wire and cable 
Dashboard instruments 

: Die castings » Molded plastics 
wire for modern aircraft, electrical Tail-light assemblies » Spark plugs 
‘ . Batteries » Windshield wipers 
equipment for the automotive Horns © Seat and window actustors 
Hub caps « Toplift motors 
P Scuff plates « Iron castings 
of other products . . . it serves best Name plates 


serves industry with more than 400 


Whether it be intricate die castings, 


industry, or any one of hundreds 
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when it comes from Auto-Lite. 


THE ELECTRIC 


AUTO-LITE COMPANY 
TOLEDO 1, OHIO 
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A Boeing B-47 Stratojet medium bomber gets a take-off assist from 30 Phillips Petroleum Company M15 JATOs. 


N-A-X HIGH-TENSILE is readily formed and welded. Here, 
before welding, a worker sizes the container’s aft head, 


drawn by a 


50-ton 


pre ss. 


Bottom forging ts locked in. 


N-A-X HIGH-TENSILE STEEL 
FORMS AND WELDS READILY 


Formability: Even at the higher strength levels 
(50% greater than mild carbon steel) this 
material can be cold formed and drawn into 
very difficult stampings and cold formed shapes. 


Weldability: Its weldability by any process is 
excellent, maintaining toughness through a 
wide range of temperatures. Under-bead crack- 
ing tests are excellent. Using American Welding 
Society standard bead-weld testing, shows 
under-bead hardness rises only to 95 Rockwell 
from 80-85 Rockwell prior to welding. 
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Make your product better, too— 


with this high-strength steel 


‘How N-AX HIGH-TENSILE STEEL 


supplied the money-saving answer 
to a critical take-off problem 








JATO rockets boost heavily laden planes into and lighter weight are equally important. It is 


the air faster, let them operate from shorter run- particularly suitable for Propane cylinders and 
ways. A new JATO developed by Phillips Petro- _ pressure vessels for the chemical, automotive and 
leum Company required a case that would endure oil industries, that must withstand severe interior 
a pressure of 1,000 pounds per square inch at pressures and handling abuses . . . and for such 
the high blast temperatures. Yet it must be products as truck and trailer frames, wheels and 
lightweight, easily fabricated, economical. bumpers, railroad and earth-moving equipment, 


In 1954, 100 JATO cases of N-A-X HIGH-TENSILE shipping containers, pipe, and many others. 


steel were tested at Air Force Plant 66 near 
‘ ora , Other Important Advantages: N-A-X HIGH-TEN- 
McGregor, Texas, where Phillips Petroleum is ; ee ae 


SILE STEEL, compared with carbon steel, is 50% 
contractor-operator. 


stronger e has high fatigue life with great tough- 
Result: The N-A-X HIGH-TENSILE case passed ness @ is more stable against aging e is more 
every test with flying colors. It surpassed the resistant to atmospheric corrosion. It polishes to 
required standards for strength by as much as’ a high luster at minimum cost e has greater 
20 percent. resistance to abrasion or wear e offers greater 
The high-strength characteristics that make paint adhesion. 
N-A-X HIGH-TENSILE a better steel for JATO fuel With N-A-X HIGH-TENSILE you can design longer 
containers also make it better for many other life, strength with lightness, and economy into 
types of pressure containers, where high strength your products. Let us show you how. 


COMPANION HIGH-STRENGTH STEEL 
IN THE N-A-X FAMILY 


N-A-X FINEGRAIN. A low-alloy high-strength 








* steel ideally suited for applications where the 

on enhanced resistance to atmospheric corrosion of 

ae N-A-X HIGH-TENSILE is not required. 

- | N-A-X Allloy Div., Dept. F, ay 
& Ih Lotie: | Great Lakes Steel Corp., Detroit 29, Mich. 

k- H-A-K Altey Division : [_] Please send me 8-page illustrated technical catalog on 
ng : N-A-X HIGH-TENSILE Steel. 

ws GREAT LAKES STEEL COR PORATION [_] Please have your representative contact me. 

ell Detroit 29, Michigan Division of lO Reacts OU ie 

Tr 
City. Zone__ State. 
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| This is the twenty-first of a series of advertisements dealing 

XX] with basic facts about alloy steels. Though much of the in- 
formation is elementary, we believe it will be of interest to 

many in this field, including men of broad experience who 

may find it useful to review fundamentals from time to time. 


How Alloy Steels Respond 


to Induction Hardening 


In the now-popular induction- 
hardening process, steel is first 
heated above the transformation 
range by means of electrical induc- 
tion, then quenched as required. 
Special equipment is needed, and 
heat is developed as follows: 

High-frequency alternating cur- 
rent passes through a coil or induc- 
tor, with the result that a magnetic 
field is created in the coil. When the 
piece to be treated is placed in this 
field, it is heated rapidly by induced 
energy. With the various types 
of induction-heating equipment, the 
process is capable of surface- or 
case-hardening to various controlled 
depths; however, through-harden- 
ing can be obtained with certain 
alloy steels. Ferrous metals that re- 
spond well to induction hardening 
include numerous grades of both 
alloy and carbon steels, as well as 
hardenable stainless steel and plain 
or alloyed cast iron. 

As a rule, when alloy steels con- 
taining no carbide-forming elements 
are heated by induction, the usual 
hardening temperatures can be used. 
But with alloy steels that do con- 
tain such carbide-forming elements 
as chromium, molybdenum, and va- 
nadium, the hardening temperature 
must be increased if shallow cases 
are required and the normal effect 
of the alloying elements is desired. 

Hardness obtained by the induc- 
tion process is a function of the 
carbon content and prior structure, 
just as it is when conventional heat- 
ing methods are used. Nevertheless, 
higher surface-hardness values for a 
given carbon content have often 
been noted in parts subjected to 


surface induction-hardening. The 
extra hardness may be as much as 
five Rockwell C points for steels of 
0.30 pet carbon. 

As pointed out previously, the 
induction method requires special 
equipment. However, it possesses 
several marked advantages, includ- 
ing speed of heating and cleanliness 
of operation. Pieces heated by in- 
duction are usually subject to a 
minimum of scaling and distortion. 
Moreover, induction-hardening 
equipment is very compact and 
therefore conserves floor space. 

If you would care to know more 
about the induction hardening of 
alloy steels, you are invited to com- 
municate with our technical staff. 
Bethlehem metallurgists have made 
a thorough study of the subject, in- 
cluding the many details of quench- 
ing and tempering. Call them if they 
can help you in any way. And 
remember, too, when considering 
sources of alloy steels, that Bethle- 
hem makes the full range of AISI 
standard grades, as well as special- 
analysis steels and all carbon grades. 


If you would like reprints of this series of adver- 
tisements from No. I through No. XX, please 
write to us, addressing your request to Publica- 
tions Department, Bethlehem Steel Company, 
Bethlehem, Pa. The first 20 subjects in the series 
are now available in a handy 36-page booklet, 
and we shall be glad to send you a free copy. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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in Engineering, the 


AERODYNAMICS ENGINEERS 


Senior Engineer and 
Technical Specialists 
positions available in 
aerodynamics research and 


development sections. RTU NITIES 
Aerodynamics experience 


required for assignments in 

performance, stability and 

control, and configuration 

studies groups on existing 

missile and airframe 
contracts and for research are wm 
work on advanced missile 

and airframe concepts. 


DYNAMICS ENGINEERS 
Senior Engineer and 


Technical Specialists 

positions are available AVIA i ION 
requiring 3-7 years general 

flutter analysis experience, 

including subsonic 

compressible and supersonic 

airforces for both straight 

and swept wing vehicles. ° ° ° 

Advanced education desired A t th 
in mathematics, physics, um VUa von, € 
applied mechanics, 

aeronautical or mechanical 

engineering. 


DESIGN ENGINEERS 


Current airframe and 

missile prime contracts are BES i OPPOR y UNI § IES 
requiring top level design 

engineers for assignments in 

support equipment, 

electrical and electronics 

installation, hydraulics, 

furnishings, and landing gear 


design groups. | are at 


TEST ENGINEERS 
Greatly expanded test 
laboratory facilities and 
recent prime contract awards 
are providing exceptional 
opportunities for 
instrumentation, radiation, 
electronics, hydraulics, 
structures, and materials and 
process test Engineers. 


PRODUCIBILITY ENGINEERS 


Electronic or Mechanical 

Engineers possessing 

experience in producibility 

or production engineering / : 

are needed for interesting Mr. Joe Russell, Engineering Personnel 


assignments on our i. 4, Temco Aircraft Corp. 
airframe, missile, and Day: 17SSy OE. Pe. PO : 
electronics production Box 6191, Dallas, Texas 


projects. 
Please send me complete details of the Temco story of 
unusual opportunities for creative engineers. I am especially 
SIG BU greece eel 


OAD a 


ADDRESS. 


AIRCRAFT CORPORATION, DALLAS 


SAE JOURNAL, MAY, 1957 





The Jet Propulsion Labora- 
tory is a stable research and 
development center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains. Covering an 80 
acre area and employing 
1700 people, it is close to 
attractive residential areas 


The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in basic re- 
search under contract with 
the U.S. Government. 


Opportunities open to quali- 
fied engineers of U.S. citizen- 


IMPORTANT DEVELOPMENTS AT JPL 


Development of Vehicle Design 


Recognizing the need for information re- 
garding the transfer of loads from vehicles to 
elements of highly-mobile missile systems, 
engineers at JPL undertook to obtain this 
vital information. 


For the first time, with specially designed 
vehicles tested on rough terrain under the 
severest operating conditions and using the 
most modern instrumentation techniques, 
significant results have been obtained. 


These data, when combined with the re- 


sults of computer studies and analysis have 
now provided the genesis of more realistic 


Application of this new knowledge now 
makes possible the design of vehicular 
equipment having greater stamina and of 
much lighter weight. 


Recognition of the need for such types of 
information and the subsequent follow-thru 
to obtain it, is typical of the Laboratory’s at- 
tack on problems that need solving. That JPL 
has been so successful in these activities is 
largely due to the fact that its engineers are 
given complete design responsibility and 
freedom of action and decision. 


Send your resume today if you are inter- 


ship. Inquiries now invited. design load criteria—the first available. ested in this type of research activity. 


AERONAUTICS * MECHANICAL * STRUCTURES * DYNAMICS * PROPULSION 
APPLIED MECHANICS * INERTIAL ELEMENTS * METALLURGY * CERAMICS 
SOLID STATE PHYSICS * OPERATIONS RESEARCH 


JOB OPPORTUNITIES 
IN THESE FIELOS NOW 


JET PROPULSION LABORATORY 
A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA * CALIFORNIA 
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Why designers specify FLEXLOC self-locking nuts 


repeated removal and replacement, frequent adjustments will 
not affect their locking life. 


Where products must be tough . . . must stand up under 
vibration, shock and abuse . . . designers specify rugged, 
reliable, precision-built FLEXLoc self-locking nuts as fasteners. 


HERE’S WHY: 

FLExLoc locknuts are strong: tensile strengths far exceed 
accepted standards. They are uniform: carefully manufac- 
tured to assure accurate, lasting spring tension in the flexible 
locking collars. And they are reusable: rough screw threads, 


FLEXLOE iocknur 
® 
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Standard FLextoc self-locking locknuts are available in a 
wide range of standard sizes and materials, to meet the most 
critical locknut requirements. Your authorized industrial 
distributor stocks them. Write us for complete catalog and 
technical data. Flexloc Locknut Division, STANDARD 
PRESSED STEEL Co., Jenkintown 55, Pa. 


STANDARD PRESSED STEEL CO. 


DIVISION 


JENKINTOWN PENNSYLVANIA 





* FRETTING-CORRO 
had him in © 


Finding a wear-resistant coating for turbine 
engine shaft seals posed a serious problem 
for an aircraft engine manufacturer. Even 
the hardest alloys were subject to fretting- 
corrosion and had to be replaced after a few 
hours of service. 

This fretting-corrosion problem was 
solved by having the bearing surface of the 
seal Flame-Plated by LINDE. By this special 
detonation process, particles of tungsten 
carbide are literally blasted onto almost any 
metal surface. Most important, the tempera- 
ture of the part being plated never exceeds 
400° F. 


metal will warp or that its metallurgical 


, so there is little chance that the base 


properties will be changed. Flame-Plated 


SiON pr Oblem 


spin 


tungsten carbide coatings 

can be applied inthicknesses 

from .010 to .002 inches. 

Coatings can be used in the 

as-coated condition (125 

microinches rms) or ground and lapped to a 
0.5 microinch finish. 

If your design involves metal parts subject 
to extreme wear, heat, or fretting-corrosion, 
perhaps Flame-Plating can eliminate some 
or all of your “headaches”—or make possible 
some completely new idea. 

To find out, write us about your wear prob- 
lem or request a free copy of LINDE’s book- 
let, “Flame-Plating,” F8065. Address Flame- 
Plating Department. 


Flame Plating 


LOM Le 


LINDE AIR PRODUCTS COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [Iai New York 17, New York 


In Canada: Linde Air Products Company, Division of Union Carbide Canada Limited, Toronto 
The term ““LINDE” is a registered trade-mark of Union Carbide and Carbon Corporation 
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ewer. HYDRAULICS 


PACKAGED HYDRAU , 4 
means complete compatability of 
components and the responsibility 
for design, manufacture and per- 
formance testing by a single re- . 
sponsible source. Output is approx, 
2.5 equiv. hp; length approx. 14°; 
weight approx. 13.5 Ib. 


As the rapidly-expanding missile program progresses, more 
and more applications are being found where Vickers 
Hydraulics will be used to advantage. Vickers has miniatur- 
ized components that can be integrated into system pack- 
ages with minimum tubing . . . manifolding components 
gives no opportunity for leakage. These “packaged” 


systems with their optimum performance and _ reliability 


are used to power missile control surfaces. Minimum space 
and weight, easy installation and servicing are other 
important advantages. Get in touch with the nearest office 
listed at the right for further information. 


MINIATURIZED PISTON 
af made 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
Aero Hydraulics Division 
Engineering, Sales and Service Offices: 
Administrative & 3201 Lomita Blvd. 


Engineering Center P.O. Box 2003 
Detroit 32, Michigan Torrance, California 


District Sales and Service Offices: 
Albertson, Long Island, N. Y., 882 Willis Ave. « Arlington, Texas, P. O. 
Box 213 « Seattle 4, Washington, 623 8th Ave. South « Washington 5, 
D.C., 624-7 Wyatt Bldg. +* Additional Service facilities: Miami Springs, 
Florida, 641 De Soto Drive 
TELEGRAMS: Vickers WUX Detroit « TELETYPE: “ROY” 1149 e CABLE: Videt 
OVERSEAS REPRESENTATIVE: 
The Sperry Gyroscope Co., Ltd.— Great West Road, Brentford, Middx., England 


7645 


ENGINEERS AND BUILDERS i ee ee es me ee ee Se eee ee ee ee Bie ee Ae 
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THE ELECTRIC DETECTIVE is an apt de- 
scription of the Magnatest FM-100 Conduc- 
tivity Meter. Magnatest uses the electrical 
conductivities of materials as a measure of 
uniformity, hardness, purity and other 
characteristics. A small hand held coil induces 
eddy currents in the test material, which in 
turn affect the impedence of the coil in pro- 
portion to the conductivity of the material. 





IT’S JUST A LITTLE CRACK, but it's a 
serious matter when it shows up on an indus- 
trial crane hook. In fact, to the naked eye it 
may appear to be oa scratch, at most. Yet 
it can open further and further under load. 
The end result: failure in service and subse- 
quent costly damage. Photo above shows a 
Magnafiux indication of such a crack in a 
crane hook. 


wacwartivu« 


THE HALLMARK 
OF THE BEST 
SYSTEMS FOR 

NONDESTRUCTIVE 
TESTING 


2 eee ee eee | 





Write for complete details concerning any 
of the above case studies, orask for ournew 
booklet on “Lower Manufacturing Costs.” 
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Case Studies: 


NONDESTRUCTIVE TESTI N G SYSTEMS 


Magnaflux indi- 
cation of fatigue 
crack in ao lift 
truck fork 





How Periodic Inspection Ups Production 
by Preventing Equipment Failures 


Invisible hairline cracks are 
warning signs of future fatigue 
failure. The M tests detect such 
signs in any material. You can 
take the proper corrective steps in 
time to prevent costly production 
interruptions. Nondestructive 
testing can help you eliminate 
profit-draining equipment failures. 
—Investigate Magnaflux inspection 
methods today! 


When industrial equipment fails in 
use, it usually results in lost time, 
production, or even life! In each 
case there is a corresponding loss 
of money. The amount, of course, 
depends upon the circumstances. 
Periodic inspection with an M 
testing system can foretell the 
exact nature and extent of struc- 
tural weaknesses in your machinery, 
tanks, or equipment. 





ZYGLO “SPOTLIGHTS” SERIOUS DEFECTS IN CUTTING TOOLS 


affect the service life of any metal part. Whether 
you produce cutting tools, or use them, Zyglo 
provides better inspection at lower cost. 


Zyglo inspection employs an oil base penetrant 
that is brilliantly flourescent under “black light”. 
It detects surface cracks or pores when they may 


Take Your Inspection Problems to the House of Answers 


MAGNAFLUX CORPORATION 


7348 West Lawrence Avenue . Chicago 31, Illinois 
New York 36 «© Pittsburgh 36 * Cleveland 15 + Detroit 11 * Dallas 19 + Los Angeles 58 
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ac) puts the (ac)cent on 


service 


How AC completely redesigned a fuel pump 
and had it in production in 63 days! 








What you have just read is one in a continuing series of FACTUAL 

The problem was a tough one. A long-time user of AC Fuel Pumps SERVICE STORIES proving you can depend on AC for the facilities, 

° ° . the experience, the manpower and the desire to work with you in 
made engine alterations just ahead of the new-car announcement Gin colttieniel Gritty end etvedidinaty eeebhans. 
period. Something had to be done . . . and done fast. The decision 
was to turn the pump upside down. 
That decision turned AC upside down, too! Personnel worked seven 
days a week, around the clock! Sixty-three days later, the new “up- 
side-down” pump was through design, production, engineering, 
scheduling, tooling, and production was rolling. 
This is typical of AC service. Naturally we prefer more lead time, but 
this proves we have the know-how and the facilities to give real 
service on an emergency basis when required. If you have a problem 
that calls for service action, call AC! 








quality products 


AC SPARK PLUG io THE ELECTRONICS DIVISION OF GENERAL MOTORS 


Flint —1300 North Dort Highwoy Chica go—insurance Center Building Detroit— Genera! Motors Building 
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Rollway Maximum 
Bearings are used in the 
McDonnell Voodoo Jet 


Gunned by higher speeds and higher temperatures, the 
performance demand for anti-friction bearings rises sharply every 
year. Here at Rollway, we strive always to keep abreast of the 
trend, and even to anticipate it. In precision, dimensional stability 
and simplicity, Rollway Maximum Bearings offer performance 
based on advanced thinking to original equipment and 
replacement buyers of today. 


CUA 


Maximum 


ROLLER BEARINGS 





Start now, up-grade both your production machinery 
and your products with Rollway bearings of the future. 
Rollway Bearing Company, Inc., Syracuse 4, N. Y. Manufacturers of 
a complete line of radial and thrust cylindrical roller bearings. 


NGINEERING OFFICES: SYRACUSE * BOSTON * CHICAGO * DETROIT * TORONTO * PITTSBURGH * CLEVELAND * MILWAUKEE © SEATTLE * HOUSTON * PHILADELPHIA * LOS ANGELES * SAN FRANCISCO 
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Since 1912... 


cS 
a eel 


Steering Wheel Hubs 
Radio Speaker Frames 
Power Take-off Joints 

Universal Joints 
Propeller Shafts 
Screw Machine Parts 
Steel Stampings 
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During our more than 45 years of service to the Automotive 
Industry, parts by “Cleveland” have served and are still 
serving many manufacturers whose products have won world- 
wide acclaim. We are proud of the part we have played in 
their success and proud of the reputation for reliability and 
ruggedness which “Cleveland” parts have won with our 
manufacturing customers. 

When looking for component parts you can depend on, it 
pays you to come to “Cleveland.” We will welcome the 
opportunity to work with you. 


Cleveland Steel Products Corporation 


Automotive Division 


16025 Brookpark Road * Cleveland 11, Ohio 





The X-10 lands with secrets brought in from the stratosphere. 


X-10 missile test vehicle 


returns with good news for electrical engineers 


New scientific data allows the Navaho Missile to leapfrog many R & D steps — 
go direct into advanced stages. Unprecedented success of the supersonic X-10 spells 
out this significant fact: The Navaho—an intercontinental strategic missile completely 
automated and constantly guided throughout its supersonic flight by self-contained con- 
trol systems—is one of America’s most advanced missile systems. 

This news is important to you—whether you are a 10-year veteran or a recent BSEE. 
Why? Because now you can start at the very top of missile technology —and reap the re- 
wards of being with a years-ahead company. 


In Missile Engineering you'll investigate applications of automation that 
i. * are literally strides ahead of the field. You'll pursue them in pre-flight, prep- 
40 immediate aration, checkout, fueling, countdown and firing. You'll work on “‘in-flight’’ 
control and guidance systems so precise that even the environment within 
Fe the missile must be rigidly controlled. 
career opportunities es 
One of our immediate needs is for electrical engineers — especially those 
. . qualified in systems analysis, systems evaluation, component design and 
in electronic ground checkout. No matter what your experience has been it can be 
< useful to us. 
systems analysis For complete details on these — and other engineering openings — please 
write: Mr. R. L. Cunningham, Engineering Personnel Manager, Dept. 495SAE5, 
Missile Development Division, 12214 Lakewood Bivd., Downey, California. 


MISSILE DEVELOPMENT DIVISION 


/n\ 


NORTH AMERICAN AVIATION, INC. zm 
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‘*Inside-out’’ bushing 
This drawn strip type bushing is 
lined on the outside diameter 
with Federaloy HF-16 leaded 


bronze 


The 1.D. and the flange 
are both bearing surfaces The bushing with the bearing 
on this formed bushing surface where you want it 
Drawn and flanged strip type bushing, lined 1.D. or O.D. or both of this formed steel bushing 
on the |.D. and the can be 
thrust face with m sintered copper-alloy 
Federaloy HF-16 


leaded bronze 


ao 


Where cost reduction is a factor... consider 
bushings with bearing performance 


Our formed bushings and thrust washers are widely used for automatic 

transmission and other applications. They can be solid bronze or steel lined 

on either or both surfaces. Washers can be “‘lined’’ on both faces. Many 

special features can be incorporated—grooves, holes, nibs, ball indenting; 

straight, special or locking seams. We provide complete engineering service. ; 
Address: Nee 122” 


FEDERAL-MOGUL DIVISION 


FEDERAL-MOGUL-BOWER BEARINGS, INC., 11035 SHOEMAKER, DETROIT 13, MICHIGAN 
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CLEVELAND SPECIAL HEADED AND THREADED PRODUCTS 


This Cleveland special % x 3% in. low-carbon-steel stud is used in 
quantity by a large manufacturer of electrical equipment as part 
of the tap changer indicator assembly on distribution transformers. 


Cost of special collar stud is cut 20% 
by Cleveland’s cold forming techniques 


The famous Kaufman Double Ex- 
trusion Process which turns out 
millions of Cleveland precision cap 
screws yearly is highly adaptable 
to low-cost production of your fast- 
ener-type specials. 

The tap changer stud pictured 
above is typical. Used by a well- 
known electrical equipment manu- 
facturer, it was previously cut from 


= 


Black area represents metal that had to 
be cut away when stud was produced by 
machining. In the Cleveland cold form- 
ing process almost all the metal in the 
working slug is present in the finished 
part. The customer saves the difference. 


220 


bar stock. The special head, double 
shoulders, and groove above the 
threads meant numerous machin- 
ing operations and considerable 
scrap. 

Cleveland now cold forms this 
special stud at 20% less cost to the 
customer, while holding the spec- 
ified .005 in. tolerance. And the 
part is stronger. Inthe head, threads 
and fillets, grain flow is symmetri- 
cal and unbroken. In addition, the 
forging action of the Kaufman proc- 
ess toughens surface metal while 


leaving the core ductile. Both fa- 
tigue resistance and tensile strength 
are thus increased. 

We are regularly cold forming 
close-tolerance specials—many with 
unusual or extreme upsets—in large 
quantities. So whether your part is 
simple or complex, it will pay you 
to check with Cleveland, particu- 
larly at the design stage. There is 
an excellent chance that through 
cold forming we can cut the cost 
and improve the physical proper- 
ties of the part you have in mind. 


Write for a copy of our folder “Specials by Specialists” 


THE CLEVELAND CAP SCREW COMPANY 


4444-12 Lee Road, Cleveland 28, Ohio 
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HOW R/M SETS THE PACE IN FRICTION MATERIAL DEVELOPMENT 


For heavy duty friction jobs: SINTERED METALS 


Do you have a friction material applica- 
tion where high temperatures and close 
tolerances are factors? Or where friction 
components must be held to a minimum 
thickness? If so, Raybestos-Manhattan 
sintered metal friction parts may be an 
exact answer to your problem. 

Under severe conditions like these, 
organic-content materials wear at an 
accelerated rate. R/M sintered metals 
will perform without appreciable increase 
in rate of wear because of their high 
thermal conductivity and absence of a 
destructible bond. 

The work done and the heat generated 
by friction materials are a function of 


the pressure involved. A reasonable 
working range for asbestos in dry opera- 
tion is 25-100 psi. With sintered metals 
you can go as high as 400 psi. 
Remember, however, that R/M 
sintered metal friction parts are designed 
for special application requirements. 
They are intended to supplement asbestos 
woven and molded lines—not replace 
them. That’s why R/M, leader in both 
the asbestos and metal fields, is in a 
unique position to help you. Unlike other 
manufacturers, R/M works with a// kinds 
of friction materials. So, you can be sure 
of a completely impartial, unbiased 
recommendation on which are best for 


THE TRADEMARK THAT SPELLS PROGRESS 


IN FRICTION MATERIA 


DEVELOPMENT 


you when you consult an R/M engineer. 
The full depth and breadth of R/M 

experience—the complete facilities of 

R/M’s seven great plants with their re- 

search and testing laboratories—are 

at your disposal to either develop a 

special material for your requirements, or 

to suggest how you ; 

can make effective 

use of R/M material 

already on hand. 


Write now for your free 
copy of R/M Bulletin No. 
500. Its 44 pages are loaded 
with practical design and 
engineering data on all 
R/M friction materials. 


RAYBESTOS-MANHATTAN, INC. 


EQUIPMENT SALES DIVISION: Bridgeport, Conn. + Chicago 31 + Cleveland 16 + Detroit 2 + Los Angeles 58 


FACTORIES: Bridgeport, Conn.; Manheim, Pa.; Passaic, N.J.; No. Charleston, S.C.; Crawfordsville, Ind.; Neenah, Wis., Raybestos-Manhattan (Canada) 
Limited, Peterborough, Ontario, Canada 


INC., Brake Linings « Brake Blocks e Clutch Facings e Sintered Metal Products e industrial Adhesives 


FIRST IN FRICTION 


Mechanical Packings 


RAYBESTOS-MANHATTAN, 


Asbestos Textiles . Industrial Rubber . 


Engineered Plastics . 


Rubber Covered Equipment 


Abrasive and Diamond Wheels « Laundry Pads and Covers « Bowling Balls 








Leakproof Bundyweld Tubing feeds 


This double exposure shows how a driver can raise or lower the Citroén body at 
will, when traveling rutted roads or when changing tires. In normal operation, 
height-corrector valves automatically maintain proper road clearance, regardless 
of load. The system provides independent suspension for each wheel; depends 
on leakproof Bundyweld Tubing to carry its hydraulic fluid without failure. 





BUNDYWELD IS DOUBLE-WALLED FROM A SINGLE STRIP 





Bundyweld starts as continuously rolled passed through a fur- 
@ single strip of twice around later- nace. Copper coating 
copper -coated steel ally into a tube of fuses with steel. 
Then it’s. . uniform thickness, and Result . 
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Bundyweld, double- 
walled and brazed 
through 360° of 
wall contact. 

























<-— 


NOTE the exclusive 
Bundy-developed 
beveled edges, which 
afford asmoother joint, 
absence of bead, and 
less chance for any 
leakage. 
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Citroén’s hydro-pneumatic suspension 


Transmission, clutch, brakes, and steering also served by 
centralized hydraulic system through reliable Bundyweld 


Fabulous is the word for Citroén’s unique hydro- 
pneumatic suspension. It utilizes a combination of 
oil and inert gas under pressure to soak up every last 
jolt and jar for a cloud-soft ride. But Citroén’s sus- 
pension and other power-assisted components need 
an unending supply of hydraulic fluid. And this is 
delivered unfailingly through Bundyweld Tubinga. 


Ultrareliable is the word for Bundyweld Tubing. 
Because it is the only tubing double-walled from a 
single steel strip, then metallurgically bonded through 
360° of wall contact, Bundyweld is amazingly strong 
and resistant to vibration fatigue . .. leakproof by test. 


This same exclusive process gives Bundyweld high 


BUNDY TUBING COMPANY 





bursting strength and tensile strength . . . makes it 
smooth, ductile and easy to fabricate, even in the 
most complex shapes. These properties are the reasons 
Bundyweld is used on 95% of today’s cars, in an 
average of 20 applications each! 


Whether you want tubing straight, coiled, or fabricated 
precisely to specification, Bundy@ will handle the 
job. Your tubing will be packaged carefully, delivered 
right on schedule — clean, bright and ready to use. 
And Bundy offers free, expert engineering service 
as well. Need tubing for mechanical or fluid trans- 
mission applications on cars, trucks, or farm equip- 
ment? Chances are you'll save time and money by 
checking first with Bundy. Call, write, or wire us today! 


DETROIT 14, MICHIGAN 


Heart of Citroén’s centralized 
hydraulic system is a high-pres- 
sure, 7-piston pump which drives 
hydraulic fluid into a constant- 
pressure accumulator. From there, 
it feeds through dependable 
Bundyweld Tubing to the suspen- 
sion, shown in schematic diagram 
at left. Other power-assisted com- 
ponents: Clutch — standard-type 
automatically disengages when 
gearshift is moved, or engine 
rpm’s fall to idling. Transmission 
— manual shift actuates hydraulic- 
assisted selector forks. Brakes — 
two separate Bundyweld lines 
supply front disc brakes and rear 
drum brakes. Steering— hydraulic 
cylinder moves standard rack and 
pinion either way on demand. 


*Citromatic®@ 


BUNDYWELD. TUBING 


wndy Tubing Distributors and Representatives: Bala-Cynwyd, 


Pa.: Rutan & Co., 1 Bala Ave. « 


Cambridge 42, Mass.: Austin-Hastings Co., Inc., 226 Binney St. + Chattanooga 2, Tenn. : 


Peirson-Deakins Co., 823-824 Chattanooga Bank Bidg. * Chicago 32, Iil.: Lapham-Hickey Co., 3333 W. 47th Place + Dallas, Texas: Vinson Steel & Aluminum Co., 4606 Singleton Bivd. 
Los Angeles 22, Colif.: Pacific Metals Co., Ltd., 2187 S. Garfield * San Francisco 10, Calif: Pacific Metals Co.,Ltd., 3100 19th St. + Seattle 4, Wash.: + Eagle Metals Co., 4755 First Ave., South. 


Bundyweld nickel and Monel tubing are sold by distributors of nickel and nickel alloys in principal cities. 
WORLD’S LARGEST PRODUCER OF SMALL-DIAMETER TUBING ¢ AFFILIATED PLANTS IN AUSTRALIA, ENGLAND, FRANCE, GERMANY, AND ITALY 
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Utica technician viewing melt under a vacuum of approximately one-millionth of atmospheric pressure. 


birth of a superalloy VACUUM MELTING 


provides these properties 


Vacuum melted alloys, as developed by the | tica Metals Division of e High temperature 
Kelsey-Hayes, provide extreme cleanliness; maximum chemical uniformity. corrosion resistance 


1 : e Increased ductility 
[hey are superalloys, developed to withstand stresses and o Mibtiaenaieliiiain 


temperatures generated at supersonic speeds. e Precise chemical control 
e Longer stress-rupture life 
The Utica Metals Division expands still further Kelsey-Hayes’ capabilities e Increased tensile strength 


: e Better fatigue resistance 
in the manufacture of superalloy metal products for industry. e Greater yield strength 


Kelsey-Hayes Co., General offices: Detroit 32, Michigan. e Greater impact resistance 
e Greater creep properties 


KELSEY-HAYES 


Aviation, Automotive and Agricultural Parts « Hand Tools for industry and Home. 

15 PLANTS / Detroit and Jackson, Michigan; McKeesport, Pennsylvania; Los Angeles, California; Windsor, Ontario, Canada 

Jackson, Michigan ¢ Springfield, Ohio—2 plants—(SPECO Aviation Division) « Utica, New York—4 plants—(Utica Drop Forge 
and Tool Division) « Davenport, Iowa (French & Hecht Farm Implement and Wheel Division) 
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Ball Bearings 

Cylindrical Roller Bearings 
Spherical Roller Bearings 
Tapered Roller Bearings (“Tyson ) 


*Reg. U.S. Pat. Of. Tyson Bearing Corporation 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 


SAE JOURNA’.. MAY, 1957 





Thompson ball joints 
permit both right and 
left steering and up- 
and-down motion of 
the wheels on ball or 
spherical bearing sur- 
faces. This advanced 
front suspension prin- 
ciple not only makes 
steering safer and 
easier, it also allows 
valuable extra space 
for larger engines; for 
more functional chas- 
sis design for future 
trends in styling. 


Ten cars now feature front sus- 
pension ball joints on their 
sparkling new 1957 models. 
This advanced Thompson 
Products engineering improve- 
ment helps cars hug the road, 


makes steering easier and safer. 
The development and mass 
production of this revolutionary 


new product is a typical example 


of Thompson’s side-by-side co- 
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operation with our customers. 
For more than 50 years 
Thompson has been a leading 
original equipment supplier to 
the American car, truck and 
farm implement industries. 


Why not call on Thompson’s 
engineers to help you with your 
steering and suspension prob- 
lems. Write, wire or phone 


Thompson Products, Inc., 


Michigan Division, 34201 Van 
Dyke, Warren, Michigan. 


You can count on 


. Thompson 
“p. Products 


Michigan Division: 
Warren and Portland 
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LOCKS Gm CAST-TO-SHAPE TOOL STEELS 


solved a serious scrap problem on this job 


SEND FOR THIS 
NEW CATALOG 


“FORGING AND 
CASTING PRODUCTS” 


Contains the latest informa- 
tion on FCC Air Hardening, 
Oil Hardening and other 
Cast-to-Shape Tool Steel 
Specialties that can save 
you time and money 

also Composite Die Sec- 
tions and Smooth Ham- 
mered Forgings in a wide 
range of tool and stainless 
steels. Get your copy NOW 


ADDRESS DEPT. 
SA-89 
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A well-known manufacturer of electrical 
appliances formerly used dies of alloyed 
ductile iron castings to draw refrigerator 
crisper pans. 

These dies had to be redressed after 
every 10,000 pieces (approximate cost: 
$1300 each) and had to be replaced after 
every 30,000 pieces. 8 to 10% of the 
pans were scrapped due to defects. 

Because of this scrap problem and the 
severity of the draw—a 52% reduction of 
the steel—it was decided to rebuild the 
dies using a suitable grade of tool steel. 

A 2” cut was taken off the top of the 
old cavity and the draw ring. These. cuts 


were replaced with A-L Cast-to-Shape 


tool steel rings of high carbon-high chro- 
mium analysis. Total cost was nominal 
compared with buying entirely new dies. 
Each of the revised dies has produced 
approximately 500,000 pans. Their con- 
dition indicates that probably twice that 
many can be drawn before the dies must 
be redressed. Defective pieces have been 
reduced to a mere 1% to 2%—an 80% 
reduction! 
@ Ask your A-L representative TODAY 
how Cast-to-Shape tool steel can help 
solve your production problems .. . or 
write Allegheny Ludlum Steel Corpora- 
tion, Forging and Casting Division, 
Detroit 20, Mich. 


For complete MODERN Tooling, call 


Allegheny any Ludlum 


FINE Too, sree 
Since 1854 


wsw 6123 





Creating new and better brake 
blocks is a never-ending responsi- 
bility of J-M engineers. Working 
with the very latest in scientific de- 
velopment equipment, these men are 
blazing new trails in improved fric- 
tion material performance. 

Over the years, Johns-Manville 
has offered a wide choice of thor- 
oughly proved, high-quality, high- 
performance brake linings, brake 
blocks and clutch facings. This su- 
periority stems from engineering and 


Molded and 
Woven Brake 
Linings 


Molded and 
Woven 
Clutch Facings 


ise 


' 


Experimental block being readied for torture test on 
Johns-Manville’s Inertia Dynamometer—the world’s 
largest unit designed for friction material testing. 


Man in charge of putting more 
mileage into J-M Brake Blocks 


production techniques that assure 
uniformly highest quality. These 
techniques also provide volume pro- 
duction, rapid delivery and lowest 
unit cost. 

Chances are a J-M material in- 
corporating all the properties you 
need for your friction applications is 
already available. If not, let us help 
you find the solution. The Johns- 


JOHNS -MANVILLE 


uy 


Molded Brake 
Blocks 


e*eeeeeeee¢ 
*eeeeet ee 


Manville engineering staff,a superbly 
equipped development laboratory, 
and skill gained through 99 years 
of manufacturing experience, are at 
your service. 

Your Johns-Manville Representa- 
tive will gladly tell you more about 
this service, or write to Johns-Man- 
ville, Box 14, New York 16, N. Y. In 
Canada, Port Credit, Ontario. 


Johns-Manville 


Molded Segments 
for Automatic 
Transmissions 


Woven 
Transmission 
Band Linings 
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HYDRAPOWER 


HYDRAPOWER 
SEMI-INTEGRAL 


LINKAGE 
hi 


HYDRAPOWER 
INTEGRAL 


> For your vehicle, which type of hydraulic power steering 
will provide maximum steering ease, safety and serviceability 
at lowest cost? Semi-Integral? ... Integral? ... Linkage? 


Ross engineers are prepared to answer this question in terms 
of one responsibility from design to completed unit— because 
Ross makes all three types—in dependable, effortless, econom- 
ical Ross Hydrapower. 


Ross invites discussion of any steering problem—manual 
or power. 


ALL 3 TYPES FROM ] SOURCE 


DOFSS uy pRAPOWER 


ROSS GEAR AND TOOL COMPANY, INC.- LAFAYETTE, INDIANA 


Gemmer Division + Detroit 
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Purolator’s “CEL EG TIVE” FILTRATION leaves additives in 


Beneficial additives stay in as HD and heat- 
resistant lube oils pass through the Micronic® 
element of a Purolator filter...even though 
the element is straining out sludge, water and 
impurities as small as one micron (.000039- 
inch ) 

It’s one of the reasons why original equip- 
ment manufacturers in the automotive field use 
more Purolators than any other make of filter. 
Besides this “selective” filtration, the accordion- 
pleated Micronic element provides ten times 
the area of older types, making possible: 

* High flow rates with minimum pressure 

drop. Purolators themselves can be small 

. yet operate with pumps of standard size. 

¢ Maximum dirt storage capacity . . . for long, 
efficient service life before replacement. 


Micronic elements do not channel. They are 
waterproof and warp-proof and remain unaf- 
fected by engine temperatures. There’s a 
Purolator to fit every vehicle, tractor and other 
gasoline- or diesel-engine-powered unit in 
service today. Write for our automotive cata- 
log, No. 2054, to Purolator Products, Inc., 
Rahway, N. J., Dept. A5-517. 


Filtration For Every Known Fluid 


PURQOLATOR 


PRODUCTS, INC. 


Rahway, New Jersey and Toronto, Ontario, Canada 
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Manufacturing growth usually depends on one prime ingredient . . . 
performance! In the field of vinyl resin coated fabrics, ATHOL is proud 


Q ua 5 i t y of their continuing ability to provide consistent, reliable quality 


in accordance with exact specifications. 
Control 
Cc oun t s | pioneering in the coated fabric field, plus the technical skill developed 


from servicing some of the largest users in the country, that has 


It is ATHOL’S many years of experience and never-ending 


resulted in our present highly expanded production facilities. 


Your inquiries are invited. 


ATHOL 


MANUFACTURING COMPANY 


NEW YORK + ATHOL, MASS. » CHICAGO 


Represented on the Pacific Coast by A. B. Boyd Co. 
SEATTLE « PORTLAND « LOS ANGELES 
SAN FRANCISCO . SAN DIEGO Southern Athe! Pleat 


Butner, North Caroline 


Plants at VINYL FABRICS FOR AUTOMOTIVE USE 
Athol, Mass. 
and Butner, N. C. 


“MONOBALL” 


Self-Aligning Bearings 


ROD END 
PLAIN TYPES TYPES 


=. ENGINEERS: THE WONDERFUL 
int COMMERCIAL JET ERA IS 
OPENING UP AT TWA 
PATENTED USA 


All World Righty Reserved 
If you are seeking an opportunity to further your career with a 
CHARACTERISTICS fine company . . . look no further. 
TWA presently has openings for Aeronautical, Mechanical, Elec- 
ANALYSIS RECOMMENDED USE trical and Electronic Engineers to work with a small, select 
Stainless Steel For types operating under high temper- group of engineering associates. This arrangement gives each 
Ball and Race ature (800-1200 degrees F.). engineer the opportunity to demonstrate his ability and to 
Chrome Alloy For types operating under high redial advance within the company ve the opportunity to byild his 
Steel Ball and Race ultimate loads (3000-893,000 Ibs.). future with the world’s finest airline. 
Bronze Race and For types operating under normal loads Qualifications: B.S. in Engineering. 
Chrome Moly Steel Ball | with minimum friction requirements. Location: TWA’‘s ultra modern building now nearing comple- 
tion at Kansas City, Mo. 
Living Conditions: Excellent, both city or.suburban . private 
homes or apartments. 
Benefits: Many employee benefits, including liberal free 
transportation for yourself and family each year. 


Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 


neering Manual describing complete line. SAE 37 Mr. R. Paul Day, Employment Manager 


SOUTHWEST PRODUCTS CO. » TRANS WORLD AIRLINES 


Kansas City 5, Missouri 
Pte Le ae ee me 


Salary: Commensurate with experience. 
If you are an engineer with qualifications in any 


of these fields, explore your opportunity with 
TWA today. Write: 
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@ AN SAE MANUAL—the Blast Cleaning 
Manual—SP-124, newly listed with our pub- 
lications, is priced at $2.00 per copy to SAE 
members and $4.00 per copy to nonmem- 
bers; quantity prices upon request. 


@ A “HOW-TO-DO-IT” BOOK—SAE Blast 
Cleaning Manual, the work of Division XX— 
Shot Peening, Iron & Steel Technical Com- 
mittee, instructs engineers, designers, and 


shop men in blast cleaning “know how. 





@ A FIRST COMPLETE STORY—the Man- 
ual fully discusses blasting abrasives, blast 
cleaning machines, production procedures 
and process specifications; includes 36 
illustrations and 3 tables. 


ORDER BLANK 


Society of Automotive Engineers 
485 Lexington Ave. 
New York, New York 


Please send me 
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Add 3% city sales tax tor deliveries in N. Y. C. 


copies of SP-124 (Check) (Cash) (Coupons) 
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CRC CCUM tN RY PLAY Lam 


TIGHTENED AGAINST THE WORK 


FOR MANY SPECIAL FUNCTIONS 


Vibration and impact proof 
bolted connections in 
standard applications. 


On all electrical terminals 
subjected to vibration in 
transit or operation, and for 
any electrical or electronic 
assembly where positive 
contact must be main- 
tained. 


To seal bolt threads where 
leakage past stud threads 
must be prevented. 


Blind fastening applica- 
tions where nut is 
“clinched” into sheet metal 
... becoming self-retaining 
as well as self-locking. 


To eliminate drilling and 
tapping and provide steel 
thread strength for soft 
metals, an ESNA spline nut 
is pressed into a bored hole 
in casting. 


ee ee eo oe 42 Oe 28 8-93 Ss 


Simplified self-aligning 
self-locking fastener for 
bolting two non-parallel 
surfaces. 
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Spring-mounted connec- 
tions or dynamic balancing, 
where nut must stay put 
yet be easily adjusted. 
(Flanged face eliminates 
need for extra washers. ) 


On make and break adjust- 
ment studs where accurate 
contact gaps must be main- 
tained. Note “thin” height 
design for limited clear- 


For bolted connections re- 
quiring predetermined 


For rubber-insulated and 
cushion mountings where 
the nut must not work up 
or down, 


HOW THESE NUTS SOLVE SO MANY 
FASTENING PROBLEMS, ELIMINATING 
EXTRA PARTS AND OPERATIONS... 


The red locking collar of an ELASTIC STOP® nut grips bolt 
threads with a perfect fit that will not loosen under severe 
vibration or stress reversals, and seals against liquid seep- 
age. By bringing nut and bolt metal thread flanks into firm 
contact it eliminates wear producing axial play. The elastic 
locking action of the insert-type stop nut does not distort or 
gall bolt threads. It is reusable many times. 

Send for the following free information: Elastic Stop nut 
bulletin; Rollpin® bulletin. Or enclose a drawing of your 
product for specific self-locking fastener recommendations. 
Write to Dept. N30-575. 


ELASTIC STOP NUT CORPORATION OF AMERICA. 


2330 VAUXHALL ROAD, UNION, NEW JERSEY 











“THRIFT KING” 


The Milsca “Thrift-King” seat 
is the nation's greatest seat- 
ing value, and the demand has 
spread to the trucking indus- 
try, lift trucks, power mowers 
and many types of mobile 
equipment. 

The strong welded angle 
iron frame in the ‘‘Thrift-King” 
has stood the test, and will 
add “‘sales-appeal” to your 
product. 


MILSCO F-1105 
Complete with folding bock- 
rest and padded with bonded 

i foam rubber. Covered with 
| brown Spanish grain Nauga- 
hyde. Fore and aft adjust- 
ment, Frame brown, 
Front to rear... 19%,” 
Left to right... 15%” 


N OW! The MILSCO © 


THRIFT-KING” SEAT IN 
| 2 POPULAR SIZES AND STYLES — 


week “ass i 


aS vy Seo 
eect cdl 















MILSCO F-1130 a 


Complete with folding back- 
rest and padded with bonded 
foam rubber, Covered with 
black imitation leather. Frame 


black, Center bor for fe 
attaching. Less fore Sua ak 





adjustment, BAe he 

Front to rear... 19” a 

Left to right...17%” al 
oe 


“o> NOTE: ‘'Thrift-King’’ seats can also be hod 
with stationary backrest. 


cushion seating . 


Write today for complete details. 


we 


2744 No. 33rd ST., MILWAUKEE 45, WIS. 
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Aeronautical Engineers 


range— 
unlimited in 








aircraft 

nuclear 

propulsion 

at General Electric 


Sound fundamental training, plus the 
flexibility necessary to acquire new knowl- 
edge on the job, opens exceptional op- 
portunities to men who can bring nearer 
the day when the first nuclear-powered 


craft is airborne 


IMMEDIATE OPENINGS 
FOR AERONAUTICAL ENGINEERS 
WITH OR WITHOUT 
PREVIOUS NUCLEAR EXPERIENCE 
IN THESE AREAS: 





@ Thermodynamics 
@ Cycle Analysis 
@ Fluid Flow 
© Stress and Weight Analysis 
e@ Remote Handling 
@ Power Plant Components 
e Heat Transfer 
e Reactor Design & Structures 
@ Shield Design 
© Turbo-Jet 


The professional rewards of these posi- 
tions are many. Association with nuclear 
experts, instruction at in-plant seminars, 
a 100% Tuition Refund Plan for gradu- 
ate study. Small groups, liberal technical 
assistance, and extensive research facili 





ties. 

Merit reviews are frequent, responsibilitv 
fully delegated. Salaries start high and 
are backed by a model benefit program 


RELOCATION EXPENSES PAID 


Choice of two locations: 
Cincinnati, Ohio or Idaho Falls, Idaho 


Write in confidence, stating salary 
requirements, to location you prefer: 


Mr. J. R. Rosselot Mr. L. A. Munther 
P.O. Box 132. ——~P. O. Box 535 
Cincinnati, Ohio Idaho Falls, Idaho 


GENERAL @@ ELECTRIC 
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THE GALION IRON WORKS ‘ Me hens TD Pe 
MFG. CO. is a well-known maker — . 
of motor graders using International 
heavy-duty carbureted and diesel 
engines, 


aoe 
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BUCYRUS-ERIE offers International engines IOWA MANUFACTURING CO. makesthe WARNER & SWASEY make the do-every- 
in the broad line of shovels and construc- well-known line of Cedar Rapids crushers. thing Gradall® that trenches, grades, exca- 
tion tools the construction industry buys in  Pamper-proof International diesel engines, | vates, ditches, stockpiles, lifts, and loads. 
volume from this famous manufacturer. known for high production and low main- _ This famous firm solves engine problems the 
tenance, are available for their models. sure way—with International power. 


* ® 
power their products with 
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THE CLEVELAND TRENCHER CO. makes BARBER-GREENE mokes a wide variety of SCHRAMM is known everywhere as a com- 
sure their models have the power for hard _ products, including this Model 845 High pressor manufacturer and products like this 
digging even in frozen and rocky ground Type Continuous Mix Asphalt Plant. They Model 315 are available with International 
without expensive maintenance downtime give customers the operating dependability diesels to keep production high and cp- 
by making them available with International § and economy they prefer with International = erating costs low year after year. 
heavy-duty 4-cycle diesel engines. power units. 


international E 4 


You, too, can specify International power and get the are available for your research and testing programs. 
benefits of over 55 years of heavy-duty engine design These services are only surpassed by International’s 
and manufacturing experience. You'll get a full measure world-wide service facilities in the field...anywhere. 
of dependable and economical power for your customers. That’s why more than 100 equipment manufacturers 
Our experienced installation engineers are ready to power their products with Internationals. Join these 
help you with your power needs. Pilot engine models shrewd power buyers by calling or writing us today. 





A COMPLETE POWER PACKAGE: Crawler and Wheel Tractors . . . Self-Propelled Scrapers . . . Crawler 


INTERNATIONAL’ ia CONSTRUCTION EQUIPMENT 


ion n 
international Harvester Compa Y and Rubber-Tired Loaders ... Off-Highway Haulers... Diesel and Corbureted Engines ... Motor 
180 North Michigan Ave., Chicago 1, Ill. Trucks ... Farm Tractors and Equipment. 
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Hundreds of manufacturers here and abroad 
have found the answer to their toughest 
fastening problems in HUCK’S complete line 
of commercial, positive-locking rivets. 


Huck fasteners are available in many sizes 
and shapes to meet the many specialized 
requirements of industry, from railroads to 
electronic fabrication. Their fast, simple 
application and positive locking features 
save production dollars, time and trouble 
for their many users—producing a better 
fastening job. 


Write or call for a HUCK sales engineer to 
aiscuss your problems. There's no obligation. 


U.S. Patent numbers 2531048, 2531049, 2754703, 2527307 
and patents applied for. 


MANUFACTURING COMPANY 





2840 Bellevue Ave. « Detroit 7, Mich. > WA 1-6207 
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CLEVELAND OPPORTUNITIES 
IN 
RESEARCH AND DEVELOPMENT 
FOR 
MECHANICAL AND METALLURGICAL 
ENGINEERS 


If you have had professional experience and are ready to move 
into increased responsibilities and opportunities — contact us. 
BEARING AND FRICTION MATERIALS 
Study phenomena associated with moving surfaces to 
develop bearings and seals to operate in high temperature, 
corrosive and nuclear environments. 


NUCLEAR REACTOR MATERIALS 
Develop materials and fabrication methods for nuclear 
components such as fuel elements and control rods. 


REFRACTORY MATERIALS 
Research to expand knowledge concerning the manufac- 
ture of refractory components for new automotive and 
aircraft power plant applications with emphasis on high 
temperature powder metallurgy alloys and on the proc- 
essing of power plant refractory materials. 


Clevite Research Center develops new principles and new 
products for other units of Clevite Corporation. The Research 
Center provides the ideal environment for the engineer be- 
cause it has been supplied with the facilities, equipment and 
library to provide new knowledge and new products for 
Clevite Corporation, a company whose entire product line is 
in the growth fields of electronics, semiconductors, and auto- 
motive and aircraft power plants. 


WRITE E. A. GENTRY OR CALL Ulster 1-5500 COLLECT 


CLEVITE RESEARCH CENTER 
540 East 105th Street 
Cleveland 8, Ohio 


ENGINEERS 


PROPOSITIONS SPECIALIST 


The company that designed the CJ-805 for 
the world’s fastest medium-range airliners 
and the famous J-79 powering the USAF 
Starfighter has an opening for a Proposi- 
tions Specialist able to provide: 


@ Preliminary design engineering proposi- 
tions for new products 
@ Product programs and cost estimates for 
new products and for major improve- 
ments and growth versions of current 
models 
Technical liaison on propositions be- 
tween the subsection and other company 
units 
Recommendations for investigations and 
development programs supporting pre- 
liminary designs 
Assistance in establishing advanced ob- 
jectives for engine and component objec- 
tives 
Requirements: B.S., M.S., or Ph.D. degree 
in either Mechanical or Aeronautical En- 
gineering, plus 6 or more years’ experience 
in propositions writing or related fields 


For further information, call collect : 
POplar 1-1100 


Or, write to: 
Mr. J. A. McGovern 
Professional Placement 


JET ENGINE DEPARTMENT 
Bldg. 500, Room 138 


GENERAL @@ ELECTRIC 


Cincinnati 15, Ohio 
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Dubbed the ‘‘Mighty Mercer,’’ the 1912 Mercer Race- 
about, Model 35C, is now considered America’s finest 
antique sports car. It featured a 58 h.p. T-head four 
engine, and was capable of doing a then terrifying 





80 m.p.h. One souped-up version clocked 112 m.p.h. 
For free copy of print, suitable for framing, write: Morse 
Chain Company, Ithaca, N. Y. (This print, from collec- 
tion of P. S. de Beaumont, not for commercial use.) 


OVER 80,000,000 MORSE TIMING 
CHAINS INSURE LONG SERVICE LIFE OF 


CARS, TRUCKS, AND 


Matter of fact, 21 out of 23 cars specify Morse 
Timing Chains as original equipment. 

The reason for this overwhelming acceptance 
is easy to understand: Morse Timing Chain 
Drives are precision-built—like fine watches—to 
give car, truck, and bus owners long service life 
and freedom from maintenance worries. 


If you have a timing chain problem, get in 
touch with Morse for practical engineering help 
and fast service. 
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BUSES 


For more information, phone, wire or write: 
MORSE CHAIN COMPANY, DETROIT, 
MICHIGAN; ITHACA, NEW YORK. Export 
Sales: Borg-Warner International, Chicago 3, Ill. 


SERVING THE AUTOMOTIVE 
INDUSTRY FOR OVER 55 YEARS 
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@ each coupon book buys $7.00 worth 
of SAE meetings papers and Special 
Publications; it costs $6.40. Each 
coupon is worth 35¢. 


@ each book is good for a minimum of two 
years. 


@ coupons will be accepted at National 
Meetings or with mail orders for SAE 
meetings papers and Special Publica- 
tions. 


@ coupon books save you time and trouble, 


i 8  ———————————— 


(It is requested that cash or check accompany your order for coupon books) 
Add 3% city sales tax for deliveries in N. Y. C, 


SPECIAL PUBLICATIONS DEPARTMENT 
Society of Automotive Engineers 

485 Le m Ave. 

New York, N. ¥. 


Please send me SAE coupon books at $6.40 each. (Check) (cash) for is enclosed 

(Name) 

I CD errr eccerpeeeeenreersenecreezesieeeennemnnsieneceeecinsiaiigtnstemenetiiamslapememmeapatinaiiaititasiatieusisiersisit teaieaimaaiiaiaa tates ata iaiaaaiiaa el 
(Company I nnn ences TUNE ENESEEnnTUNSennipbeiiseetiinhtemtanesthdaiibiaitti itis etiatinati lalla 
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OFFERS ADVANTAGES YOU 
CAN’T AFFORD TO OVERLOOK 


WEATHERHEAD 
FLARE-TWIN* 


NOW AVAILABLE FOR S.A. E. STRAIGHT- 
THREAD “O” RING BOSS MOUNTING 


The Weatherhead “Flare-Twin” line is now expanded to include straight- 
thread type fittings in all popular styles and sizes for use with the new S.A.E. 
standard “O” ring boss. Important advantages are: minimum close coupling; 
less “O” ring distortion; longer “O” life; higher operating pressures without 
the use of backup rings; may be repeatedly disassembled and reassembled 
without affecting the seal. 


Flare-Twin is available with the “Weathercote” finish. Meets S.A.E. 
standards for resistance to rust and corrosive action of nonflammable 
hydraulic fluids, water base fluids and petroleum base hydraulic fluids. 


* Trade name for Weatherhead 37° flared fitting. Meets 
S.A.E., J.1.C., A.S.M.E. standards and UL approved. 


WEATHERHEAD ™*3:222359:%tacs 2 


In Canada: The Weatherhead Co., Ltd., St. Thomas, Ontario 











MACK TRUCKS, INC. || NEW FILTER DISC 
ENGINEERING POSITIONS screen disc cartridge for service as 
AVAILABLE breather or flame arrester 


e A new filter disc in- 
corporating wire cloth 
screen as filter media is 
available for application 
to many types of prod- 
ucts. Completely self- 
contained, for simple 
adaptation to any prod- 
uct design, the filter 
disc serves as a breather 
or can be used as a tank 
vent flame arrester. 
Filter media is multiple 
layers of fine mesh steel or bronze wire screen. 
C. A. Scharfenherg, Exec. Engineer Available in 1”, 13%”, 154”, 31%4” diameters. Write 
Mack Trucks, Inc. for complete information. AIR-MAZE CORPORA- 
Allentown, Penna. TION, Cleveland 28, Ohio. 


The largest Truck and Bus Builder in the East has 
the following permanent positions available at the 
Allentown, Penna., Plant: 


Project Engineers—Senior and Junior 
Experimental Engineers—Senior and Junior 
Layout Designers—Draftsmen 


We offer an interesting and challenging Engineer- 
ing program involved in chassis and body design of 
our vehicles. We offer Company paid holidays and 
vacations—Company paid hospital and surgical 
benefits—insurance and pension plans. Relocation 
expenses are paid by the Company. 





If you are interested, please send resume to: 
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is 
Low-Cost 


Ue Orage, 
Specify 
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ANYWHERE THERE ARE 
MOVING PARTS IN A FLUID 


The powerful Alnico or Cobalt magnet in a Lisle 
plug captures harmful metal particles present 
in the lubricant. Removal of these metal chips 
and shavings greatly reduces wear and damage 
to bearings, gears and all other moving parts. 


BEFORE AFTER 


Proof of the effectiveness of Lisle Magnetic Plugs 
is shown in these two photographs. Plug was 
installed in a standard transmission. Metal par- 
ticles clinging to magnet were accumulated dur- 
ing a 1,000-mile test drive. 


ENGINEERS: Write for free sample Lisle Magnetic Plugs 
for testing. State thread size. Complete catalog will be 
mailed without obligation. 


LISLE CORPORATION 
805 Main St. GPT Mmm le Ts 


In 1883, Gottlieb Daimler built the world’s first high revolu- 
tion gasoline engine. 

In 1884, Karl Benz obtained the world’s first patent for a 
motor vehicle. 

In 1926, these two pioneering manufacturers joined in a 
merger to form the present Daimler-Benz A. G., Stuttgart, 
West Germany. 

Today, Daimler-Benz builds the world’s finest automo- 
biles — the Mercedes-Benz — and produces diesel powered 
trucks and tractors, and diesel engines from 10 to 3000 
horsepower for marine, rail and industrial uses. 


The company exports from Germany to 128 foreign coun- 
tries through more than 1,100 agencies and distributors and 
operates assembly and production facilities in 27 foreign 
countries. 

Daimler-Benz today employs 53,000 in Germany and an 
additional 13,000 outside Germany. 


Sales in 1956 were $392,000,000. 


In 1903, Orville and Wilbur Wright flew for the first time 
in history with an airplane and engine of their own design. 
Glenn H. Curtiss pioneered in aircraft development during 
the same period. 

In 1929, the Curtiss-Wright Corporation was formed by 
merging the companies founded by the Wright Brothers 
and Curtiss. 

Today, Curtiss-Wright is a leading producer of aircraft 
engines, missiles, propellers, electronic flight simulators, and 
other aircraft equipment for the military and the com- 
mercial airlines, as well as products in the fields of elec- 
tronics, ultrasonics, nucleonics, thermodynamics, plastics 
and metallurgy. The fastest airliners in operation today are 
powered by Curtiss-Wright engines. A Curtiss-Wright rocket 
engine powered the Bell X2 to world speed and altitude 
records. 

Curtiss-Wright employs 32,000 in 17 divisions and sub- 
sidiaries in the United States and two foreign eountries and 
exports products throughout the world. 


Sales in 1956 were $5'71,000,000. 


Beginning as wagon manufacturers in 1852, the Studebaker 
Brothers produced a 16 horsepower gasoline powered car in 
1904 at South Bend, Indiana. 

In 1899, the Packard Motor Company produced a 12 
horsepower car at Warren, Ohio. 

In 1954, Studebaker-Packard Corporation was formed 
through a combination of these two companies. Today, 
Studebaker-Packard Corporation manufactures a complete 
line of passenger cars, trucks, and station-wagons which are 
distributed throughout the world and sold by more than 
2,400 dealers in the United States and Canada. The company 
pioneered modern supercharged engines, low silhouette jet 
styling, twin-traction rear axles, torsion springing and 
finned, air-cooled brakes. 

The company’s products are assembled in plants operat- 
ing in 11 foreign countries. 

Studebaker-Packard Corporation employs 9,000 at South 
Bend, Indiana. 


Sales in 1956 were $303,000,000. 
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DAIMLER-BENZ CURTISS-WRIGHT Studebaker-Packard 


These three companies employing 107,000 people, with sales in 1956 
totaling one billion, two hundred sixty-six million dollars, announce the signing 
of agreements providing for a fully-integrated program of engineering, production, 
sales and service of automotive vehicles; automotive, marine and industrial gaso- 
line and diesel engines; and diesel and gasoline fuel injection systems. All of these 
companies have been associated for years with quality, precision manufacture 
and high-performance products. 


Pursuant to these agreements, Daimler-Benz and Curtiss-Wright have formed 
an American company — Curtiss-Wright and Mercedes-Benz, Inc. —to provide 
for the development and sale of Daimler-Benz products in the United States, 
Canada, Mexico and Cuba. 

Studebaker-Packard Corporation in signing the agreements will now make 
available to its dealers a full line of domestic and imported sports cars, conver- 
tibles, sedans and station wagons—ranging in price from under $2,000 up to 
$13,000 — gasoline and diesel powered trucks and all-wheel drive utility vehicles. 

Mercedes-Benz cars and distinctive Mercedes-Benz features—such as fine 
coachwork, swing axles and transmissions—will be exclusive to Studebaker- 
Packard. 

The Utica-Bend Division of Curtiss-Wright Corporation, now building diesel 
engines for the U. S. Navy, will import and manufacture Mercedes-Benz diesel 
engines and diesel and gasoline engine fuel injection systems under the agree- 
ments. The engines will range from a 4-cylinder model of 25 h.p. to a supercharged 
8-cylinder model of 600 h.p. 

Further agreements are being negotiated between Daimler-Benz and Curtiss- 


Wright Corporation for the interchange of rights for the manufacture of aircraft 
products. 


Lott owe 


Car. F. GIEsE T. HuRLEY "HL E. CHURCHILL 
President, D ler-Benz Chairnian and President, President, Studebaker-Packard 
of North Arggerica, Inc. Curtiss-Wright Corporation Corporation 
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This Gives the Answers 


3 


< 


AIRCRAFT 
MANUFACTURERS 


ENGINE 
PROPELLER AND 
ACCESSORY 
MANUFACTURERS 


AIRLINE OPERATORS 


The only industry standard on aeronautical drafting practices 


SAE Aeronautical Drafting Manual includes Twenty-three leading engineers, representing all 
drafting recommendations for the aircraft and phases of the aeronautical industry, developed 
engine manufacturers, the propeller and acces- this manual. It is receiving wide acceptance, 
sory manufacturers and the airline operators. both by the industry and educational fields. 


NOW AVAILABLE—A full set of new and revised pages (47) for insertion in the January |. 1956 Edition of 
the SAE Aeronautica! Drafting Manual originally issued June |, 1946. Price $2.50 


ALSO AVAILABLE—Complete new revised manual dated February |, 1957 which includes the latest revision 
at the following prices $5.00 without binder $7.00 with leatherette silver printed binder 


.50 without binder For quantity orders, 10 copies or more $6.50 each with binder 
.25 without binder For quantity orders, 25 copies or more $6.25 each with binder 


ORDER NOW BY WRITING TO THE 
SOCIETY OF AUTOMOTIVE ENGINEERS 


485 LEXINCTON AVE. * NEW YORK 17, N. Y. 
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Design lteadership in aif control for 
shafts and pistons Since 1923 


Out-of-the ordinary 


SHAFT SEAL PROBLEMS ? 


...sOolve them 


with SIMPLEX 


High shaft speeds . . . high temperatures .. . 
special conditions . . . call for specialized help 
in designing suitable shaft seals. 


As originators of the modern expansion ring 
sealing principle, SIMPLEX offers design help 
based on engineering leadership both in high- 
speed shaft seals and piston rings. SIMPLEX 
products are supplied as original equipment in 
Allison, Pratt & Whitney, Wright and other 
leading aircraft engines. 


If your problems involve rings or seals, for jet 
or reciprocating aircraft engines or compon- 
ents, SIMPLEX can help you solve them. 
Call, wire or write. 


Simplex Piston Ring Mfg. Co. 


12301 BENNINGTON AVENUE © CLEVELAND 11, OHIO 
75 N.E. 74th STREET © MIAMI 38, FLORIDA 


HIGH SPEED SHAFT SEALS 
AND PISTON RINGS 


SAE JOURNAL, MAY, 1957 


These Oakite 
shortcuts speed 


your metal cleaning 


1. Cleaning and rustproofing 


—in one washing operation. 


Oakite Composition No. 98 (used 
cold or hot in one-stage or two-stage 
washing machines) quickly removes 
cutting oils and chips and leaves a 
thin film that protects steel against 
rusting between operations or during 
temporary storage. 


Excellent for cleaning before inspec- 
tion: the metal is cool for immediate 
handling and the film (too thin to 
affect measurements) prevents finger 
prints from corroding highly finished 
surfaces. 

One auto manufacturer uses No. 98 in 

seven plants for cleaning and rustproofing 

brake cylinders, smaalen, connecting 


rods, crankshafts, cylinder heads, fly- 
wheels, push rods, tappets, wrist pins, etc. 


2. Stripping pigmented paints 
—with no need for pickling 
before repainting. 


Oakite Rustripper saves money in 
paint shops by doing a complete 
stripping job in one operation. It 
eliminates extra pickling and neu- 
tralizing to remove the metallic pig- 
ments, phosphate coatings and rust 
that prevent successful repainting. 


A television manufacturer says “We for- 
merly took 25 minutes to strip rejected 
cabinets, then had to pickle to remove 
tarnished phosphate coatings. Today 10 
minutes in Rustripper strips the same 
cabinet so bright and clean you can’t tell 
it from new. Eliminates pickle, neutral- 
ize and rinses.” 


An auto parts maker uses Rustripper for 
continuous conveyorline stripping. “Cycle 
of 1 minute and 50 seconds works like a 
charm stripping paint and incidental rust 
from rejects and hooks.” 


FREE For full information write 
for booklets: 1. ‘‘For Power 
W ashers—Oakite Composition No. 
98’ or 2. “Here's the best shortcut 
in the field of organic finishing’’. 
Address Oakite Products, 


Inc., 50E Rector Street, New 
York 6, N Y. 


Technical Service Representatives in 
Principal Cities of U.S. and Canada 


Export Division Cable Address: Ookite 
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Twin Disc offers new 
1300 Series Single-Stage 
Torque Converters 


To meet the growing trend toward 
higher speed diesel and gasoline 
engines, Twin Disc Clutch Company 
announces its new 1300 Series Single- 
Stage Torque Converters . . . a series 
that offers ideal torque ratings for 
shovels, materials handling equip- 
ment, small industrial locomotives, 
front-end loaders, hoisting machin- 
ery, road rollers, graders and many 
similar applications. 

The new 1300 Series Single-Stage 
Torque Converters are rated from 30 
hp at 1450 rpm to 212 hp at 3200 rpm 

. . with impellers available for spe- 
cific torque ratings of 165, 200, 240, 
285 and 330 pound-feet. 

Current production of the 1300 
Series consists of one model—the 
Model “F.” This is a spacer-type 
arrangement with an SAE No. 2 fly- 
wheel housing size and either an 
SAE No. 2 or No. 3 output housing. 

Like the Twin Disc 1500 Series 
Single-Stage units, the 1300 Series 


has an exclusive blade design which 
develops a counter-head at high-speed 
ratios, stopping fluid circulation. This 
simplifies design and construction 
and eliminates the need for a free- 
wheeled stator. 

Impellers having different blad- 
ings (both number of blades and 
pitch) are interchangeable, permit- 
ting torque capacities to be matched 
more accurately to engines of various 
hp sizes and speeds. 

The 1300 Series cooling require- 
ments are minimized because of a 
rotating impeller housing which pro- 
vides air circulation through the ven- 
tilated stationary housing. 


If you’ve been considering a torque 
converter in your machinery designs, 
or are dissatisfied with your current 
single-stage units, investigate today 
the benefits offered by the new Twin 
Disc Single-Stage Torque Converters. 
Write for Bulletin 508 Supplement. 


Branches or Sales Engineering Offices: Cleveland © Dallas © Detroit © Les Angeles * Newark * New Orleans * Tolse 
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Lubrication — Sealing—Insulating—Cushioning-— Anti-Rattle — Anti-Squeak—Sound Absorption 
Polishing — Silencing —Washers — Gaskets —Liners—Channels— Weatherstrip— Packing — Filtration 


1 FAN BEARING OJLER. 2 WATER PUMP PACKING AND OILER. 3 GENERATOR BEARING SEALS 
4 GENERATOR AND STARTER 4UBRICATING WICKS. § OIL FILTER. 6 BATTERY POSITIVE TERMINAL 
ANTI-CORROSION WASHER. “} BRAKE BOLT OILER. “# STEERING KNUCKLE TO TIE ROD DUST SEAI 
AND FLANGE JOINT SEAL 9 STEERING ARM BEARING OILER 109 FRONT WHEEL BEARING SEAL 
t) WHEEL BRAKE SHOE OILER. 12 CARBURETOR. 13 STEERING COLUMN GROMMET. 14 TRANSMISSION 
Ol SEAL WASHER. (SEAL ASSEMBLY TRANSMISSION BEARING) 15 DRIVE SHAFT DUST SEAL. jg TOE 
BOARD AND FLOOR BOARD LINER. 47 CLUTCH HOUSING PAN DUST SEAL. ig BODY TO CHASSIS STRIPS 
i9 WINDSHIELD WIPER PIVOT ARM MOUNTING. 20 WINDOW LIFT LUBRICATORS, 2 DOOR:> PANEL 
INSULATOR 2 FLOOR BOARD PARTS 23 UNIVERSAL OIL SEAL 24 TURRET TOP INSULATION 
2% WINDOW RUN CHANNEL. 26 REAR AXLE DRIVE SHAFT SEAL. 27 AXLE PINION DRIVE BEARING SEAL 
28 UPHOLSTERY RISER STRIPS 29 SPRING COVER LINING 309 REAR PANEL WEATHERSTRIP 
31 FUEL TANK STRAP GASKET 
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3 American Felt 
( . Com - 


7 Pali TRADE MARK 


is : GENERAL OFFICES: P. 0. BOX 5, GLENVILLE, CONN. 

SALES OFFICES: New York, Boston, Chicago, Detroit, 

Cleveland, Rochester, Philadelphia, St. Louis, Atlanta, 

Greenville, S. C., Dallas, Boynton Beach, Fia., San 

Francisco, Los Angeles, Portland, San Diego, Seattle, 

Montreal.—PLANTS: Glenville, Conn.; Franklin, Mass.; 

‘Newburgh, N. Y.; Detroit, Mich.; Westerly, R. L— 

MH at ENGINEERING AND RESEARCH LABORATORIES: 

Write for S.A.E. Data Sheet No. 5, containing samples Glenville, Conn. 


and full specifications of the standard S.A.E. Felts. 





Some Additional Applications of felt: Clutch release link lever oiler + Window anti-squeak «+ Fuel tank support lining * Brake shoe anchor pin 
washer + Drag link dust cover + Intermediate steering arm bearing seal + Windshield wiper motor washer +* Toe and floor board anti-squeak «+ 
Solenoid cover gasket * Heater core to housing filler * Spindle bolt grease retainer * Spindle bolt dust washers * Radius rod felt *« Hydraulic lift spring 
seat + Door bumpers + Pedal pads and seals * Dash liners + Oil retainers + Polishing felts, for glass, metal and paint * Door liners + Ventilator valve seals 
* Weather seals + Hood lace filler * Moulding shim + Timing gear cover pad + Accelerator rod pad + Fuel tank shim + Propeller shaft spline oiler + 


Paint filter bags * Crankcase oil filter cap + Brake dirt seals + Defroster control valve seal * Hand brake cable clamp seal * Windshield division filler « 
Pinion bearing retainer packing * Horn wire locator felt + Oil sabre dust washer + Fender welt felt + Spring oiler felt * Spring bumpers « Gas filling 
protector pads + Rocker arm seals +* Chafing strips for convertible tops + Upholstery padding + Radio selector pads + Thrust bearing inserts * Cab 
roof lining + Antenna weather seal + Blankets for protection during assembly and service * Factory table pads + Glycerine pads for windshield wipers « 

Entire Advertisement © 1957, American Feit Co. 








This Allison transmission is a combination 
torque converter, six-speed automatic trans- 
mission, and hydraulic retarder all in one. 


On-highway trucks are now being delivered with an 
automatic transmission developed by Allison from the 
famous TORQMATIC DRIVES that have proved themselves 
in years of service in the heaviest off-highway haulers. 


Here is a transmission that can hold a truck on a grade 
without riding the service brakes. It’s done with a swirl 
of oil deep inside the hydraulic retarder. 


o Xs 
Here is a transmission that quickshifts at full throttle. 
No missed shifts—no wrong gears. The transmission 
automatically senses load, grade, terrain and speed. 
Your trucks maintain better schedules. 


The first 
Automatic Transmission 
specially designed 
for medium and 
heavy-duty trucks 


= = ie 
Direct-drive lock-up engages automatically in each gear 
assuring top fuel economy. 
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Drivers appreciate the no-shift driving in even the 
heaviest traffic. You simply set the selector lever in 
“Intermediate” and steer the truck. 

Allison automatic transmissions are now available in 
Chevrolet and other leading trucks. TORQMATIC DRIVEs, 
designed and built by Allison, will soon be available on 
many other makes. Ask your truck dealer. 


ALLISON DIVISION OF GENERAL MOTORS, Indianapolis, indiana 
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Meeting the big change in cars with the big change in bearings: 


TIMKEN and The Moto-Mated Way 


New TIMKEN’ Moto-Mated bearings 
Save space, weight, money 


HERE’S a big change in cars. The auto 

industry spent close to $1 billion to 
make the new 1957 models faster, lower, 
safer. To meet the big change in cars, the 
Timken Company launched a whole new 
concept in bearing design, manufacture 
and supply in the world’s most advanced 
bearing factory. It’s the Moto-Mated Way 
—mated to your industry’s needs. 


The Moto-Mated Way anticipates your 
changing requirements. It puts advanced 
machines to work for you. Provides you 
with a better, more uniform product at 
lower cost. Offers you an almost unlimited 
source of supply. 


From the Moto-Mated Way comes a 
whole new breed of bearings—Timken® 
Moto-Mated bearings—in 13 standardized 


sizes. They’re smaller, for more compact 
design. Lighter, to cut unsprung weight, 
improve the ride. Capacity-packed, to take 
the loads of today’s power cars. Made with 
a new high in uniform quality. And they 
cost less because they’re produced by the 
millions by methods never before seen in 
the bearing industry. 


This year the automotive industry is 
saving 14.6% on millions of front wheel 
bearings by adapting to the new sizes. As 
your use of Timken Moto-Mated bearings 
grows in new car applications, we can pass 
along our manufacturing savings to you. 

Write us for details on the Moto-Mated 
Way. The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Canadian plant: St. 
Thomas, Ont. Cable address: ““Timrosco”’. 
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